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With my HP CAD 





Ask Ben Lexcen what his most 
valuable design tool is and he'll tell you it’s his 
Hewlett-Packard Computer Aided Design system. 
Here he talks about his experience with the HP system 
and offers some salient advice to the new generation of 
designers who will follow in his wake. 


Have you always felt at ease working with 
computers? 


“No way! Really I was a latecomer to 
computers because I didn’t have any formal training 
and I was frightened of them. In fact, I used to dream 
up some wonderful excuses to avoid getting involved 
with them. 

“But, of course, I realise now that if 
you re going to bea leader in any field, not just design, 
you ve got to utilise the leading technology. And really 
this HP stuff is so easy to use, I’m not sure what I was 
frightened of” 


Which parts of a boat do you design with the help 
of the computer? 


“Virtually the whole lot, with the 
exception of tiny mechanical things. But we use it 
to design the shape and structure of the boat, and 


the sails. 
“We use it to do all the hydro-dynamic 


considerations such as the total drag of the hull unit. 
Plus we use the computer to test different hull shapes’” 


LBV 7775 HEP/L 


sail a boat that 


What aspect of your involvement with 
Hewlett-Packard strikes you as being particularly 
beneficial? 


“Well, once you become involved with 
HP, you'll soon realise that apart from their technical 
excellence and innovation, one of their major strengths 
is that they have the people to help you get the best 
results from CAD. 

“Because HP supply the hardware 
and the software, you've gota terrific advantage over 
the guy who tries to work with a lot of different 
suppliers. I mean it counts for a lot when the person 
who writes the software understands the workings 
of the processor. 

“If you've got questions or problems, 
you can get answers and solutions from the one place. 
And believe me, that can save a lot of time and worry.’ 


How has the HP equipment assisted in the 
day-to-day running of your office? 


“Well, it’s staggering how much faster 
we can get things done since we plugged into HP. 
This is mainly due to the fact that the computer does 
so much of the calculation which we used to labour 
over manually. 









virtually 


system I can 
loesn’t exist:” pee 


“For instance, now I can create the 
basic shape of a boat in a matter of hours whereas it 
used to take about a month. It might take me about 
ten minutes to doa keel eras core it might have 
taken a week?” 


Does saving so much time mean that you have to , ( , 
compromise on quality or accuracy? Ou re On a 


“Absolutely not. The equipment is 


piper aean ies = Ican doa more thorough job for far winn er with the 


“In fact, we are so confident in the HP , 
equipment that when we've settled on the design of , 
the boat to defend the America’s Cup, we won’t tank FS, 1/ VT] E/T M44 
test it in Holland, we'll test it here in the computer. And 


when you're talking about a million dollar boat, you’ve 


got to be damn sure you've got the right equipment to _Our Computer Aided Design solutions 
do it” work together in an integrated design environment 


called the HP DesignCentre. HP’s renowned technical 
What of CAD in the future? | | excellence shines brilliantly in the DesignCentre where 
“Look —I’m sure that if Australian our engineering workstations and qu ” graphics 
designers don’t grab CAD with both hands and run peripherals come to the fore. And it’s we 











worth 
with it, the rest of the world will pass us by. And once ee HP’s reputation for unfailing backup 


we all realise its potential, you're going to see a lot and support has been well earned. 
of very ae satisfied people in all sorts of HP offers a comprehensive solution 
design offices. to your CAD. To obtain your free DesignCentre 


Management Kit or Technical Kit to help make your 
next design project a winner, call HP now toll free on 
008) 033821 or send in the coupon below. 






























i Please send me inone int onanonon: | 
| HP's Sesigntentre | 
| [_]Management Kit [_] Technical Kit 7 
| NAME | 
| POSITION | 
COMPANY | 
l ADDRESS | 
| P/CODE | 
| POSTTO: | 
| Hewlett-Packard Australia Ltd | 
| 31-41 Joseph Street, Blackburn, Vic. 3130 Z 
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One standard. 
Zero defects. 
From IC people 
committed to quality. 


Some IC companies talk about defect 
standards of 500 ppm as if they were proud of 
them. At Philips, we have a different philosophy: 
one defect is one too many. So zero defects is the 
the standard we've set for our ICs. And the warranty 
for that standard goes like this: wnen you receive ICs 
from Philips, if you find a single defect in that batch, we'll 
take them all back for re-screening or replacement. The 
reason we can Offer this warranty is that after 100% 
testing, we sample every batch. If we find a single defect, 
that batch isn't delivered. 
The Philips IC activity is absolutely committed to a 
standard of zero defects. We have been for some time, in 
fact. In 1980, we instituted a rigorous 14-point program aimed 
at preventing mistakes — rather than correcting them. Since 
then, the program has evolved until it's now more than a 
program: it’s a state of mind. 
By working with you and examining rejects, we'll 
carry zero defects beyond a standard to a reality. You'll 
find that same commitment to quality throughout Philips, 
whether we're designing a VLSI chip containing 
more than 100,000 transistors, or a simple gate. 
So while many IC companies are bragging 
about a standard of 500 defects per million, 
we at Philips are working our way 
towards zero. And when you put your trust 
in that kind of individual commitment, 
you can't lose. 
When your're offered zero, 


why settle 
for less? 


One standard. (_/defects. 


Sydney (02) 4393322 Melbourne (03) 5423333 Adelaide (08) 2430155 Perth (09) 2774199 Brisbane (07) 440191 
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WELCOME to AEM incorporating Elektor Electronics! 


As we’ve been telling you over the past few months, from this issue we’re incorporat- 
ing material culled from the British issue of Elektor Electronics. We’ve made our first 
‘combo’ issue a bumper, with the majority of projects and articles culled from Elektor’s 
September issue, plus some material from earlier issues this year which we judge (or 
you've told us!) would be of interest. 





We’ve incorporated some 40 pages with projects including things like a headphone 
amp, a serial digitizer for virtually any computer, a heart monitor, satellite loudspeak- 
ers and more. These, together with our own projects this month, presents over 10 projects! 


We’re confident you'll enjoy our first issue incorporating Elektor, and the many more 
to come. 


Roger Harrison 
Editor 


COPYRIGHT: The contents of The Australian Electronics Monthly is fully protected by the Commonwealth Copyright Act (1968). Copyright 
extends to all written material, drawings, circuit diagrams, printed circuit boards, computer software and photographs. Although any 
form of reproduction is a breach of copyright, and we especially point out this extends to the construction of projects produced by 
our laboratory or our associates, we are not concerned about individuals constructing projects for their own private use, nor by bands 
for example, constructing one or more units for use in performances. Commercial organisations should note that no project or part 
project, including printed circuit boards produced by our laboratory or our associates and described in this magazine may be offered 
for sale, or sold, in fully or substantially assembled form, unless a licence has been specifically obtained to do so from the publishers, 
Kedhorn Holdings Pty Ltd, or from the copyright holders. We will take strenuous legal action against any person or firm found infring- 
ing our copyright as aforesaid. 

LIABILITY: Whilst all efforts have been made to ensure that all constructional projects and circuits referred to in this issue will oper- 
ate as indicated efficiently and correctly and that all necessary components to assemble the same will be available, no responsibility 
whatsoever is accepted in respect of the failure for any reason at all of the project or circuit to operate effectively or at all whether 
due to any fault in design or otherwise and no responsibility is accepted for the failure to obtain any components in respect of such 
project or circuit. In addition, no responsibility is accepted in respect of any injury or damage caused by any fault in the design of 
any such project or circuit aforesaid. The publisher accepts no responsibility for unsolicited manuscripts, illustrations, computer soft- 
ware or photographic material although all care will be exercised. Comments and test results on equipment reviewed refer to the 
particular item submitted for review and may not necessarily pertain to other units of the same make or model number. 
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COVER 


Protel output plot, courtesy 
Tom Moffat and Uni of 
Hobart. Design by Angelika 
Koop. 


_ AEM8501 Car Alarm 


PROJECTS 
TO BUILD 


© to build and instal, 


virtually eliminates false 
triggering and cannot be 


: disabled should a thief 


tamper with the alarm 


© switch. 


/ AEM9502 Electric 
_ Fence Controller 


Here’s an electric fence 
that meets the Aust. 

Standards and features 
variable output voltage. 


AEM5506 Lamp Saver 


spot goes ‘“‘plink’’ when 
you switch it on, you'll 


"remember this project. 


Assembling the AEM6013 ~ 
Vifa 3-way Loudspeakers 
97 


ble 
the kit of our popular 
3-way Vifa speakers — 
blow-by-blow, in pictures. 


STAR PROJECT 
RF Field Strength Meter 


A simple, versatile 
portable relative field 
strength meter from Dick 
Smith Electronics. 


85 


CIRCUITS & 
TECHNICAL 


ELEKTOR 
IN 
AEM 


Pages 33-82 
Contents 


Concluding with practical 
details on contact 
protection, switching and 
coil driving techniques. 


Data Sheet 


National’s LM832 
dynamic noise reduction 
(DNR) IC. 


Benchbook 


Circuit and workshop 
ideas from readers. 


PRACTICALITIES 
featuring John East’s 
Modular Music Synthesiser 
will return next issue. 


PRACTICAL 
COMPUTING 


PROTEL-PCB, a locally 
produced printed circuit 
CAD package reviewed 
by Tom Moffat. 


Screen Handling on the 
VZ-200/300, Part 2 


This concluding part looks 
at the software interface 
on the VZ and VDG chip, 
and the standard screen 
modes. 


Dial-up! 


Our new column to 
Support constructors and 
users of our immensely 
popular AEM4610 
Supermodem and other 
project modems. 





COMMUNICATIONS 
SCENE 


Build an RF Field 
Strength Meter 

aa biweeeene bean 2 1O 
This months’s Star 
Project, a simple portable 
instrument. 


RAY PENETRATES 


Pry CTT" HEIGHT OF MAXIMUM 
ELECTRON DENSITY 


RADIO COMMUNICATORS 
GUIDE TO THE 
IONOSPHERE 

Next month our popular and 
widely read series returns with 
coverage of unusual propaga- 
tion modes — Sporadic-E, tran- 
sequatorial propagation, etc. 


FEATURE 


CONSUMER 
ELECTRONICS 


Perth Electronics 
Show Roundup 

While this year’s show 
lacked a little of the 
‘lustre’ of previous years, 
new products and 
industry optimism were, 
as ever, in abundance 
despite the A$ bust. 
Roger Harrison reports. 


CAD — Relieving the 
Design Drudgery 

Where wordprocessors 
and spreadsheets are the 
tools for modern 
managers, CAD is the 
tool of today’s electronics 
engineers. 


NEWS & 
GENERAL 


Personal Opinion 

eee Te ee ae 
Our new column; for 
Stirrers! Russell Kelly from 
Vicom kicks it off. 


News Review 


Conjure no trick. 


Consumer Electronics 
Technics’ digital piano. 


Professional Products 
In-circuit test instrument. 


Retail Roundup 
Sourcing the bargains. 


Project Buyers Guide 
Kit and component 
suppliers for this month’s 
AEM and Elektor projects. 


Bytewide 
(ivwbidesesinaene. VO 
Where’re the compatibles? 


Spectrum 
seats Vee oe a 1S 
Emergency services’ radio 
link. 


Letters 
Vreiewe aay euearea 1eo 


Last Laugh 
PMOrsGt eetaae gee. wOO 


Elektor PCBs 


Printed Circuits Service 
ieee hie eae. ee 


The winner of Weller Cross- 
word Competition No. 12 was 


Mike Batty of St Ives in Sydney. 
Thanks one and all for your en- 


thusiastic support for this com- 
petition over the past year. 


NEXT 
MONTH! 


PINK NOISE GENERATOR 
A pink noise generator is in- 
valuable for evaluating loud- 
speaker performance (as 
discussed in September’s let- 
ters) audio systems and room 
acoustics. This project, while a 
stand-alone unit, will feature as 
part of an upcoming third- 
octave analyser. 


GUITAR EQUALIZER 

Here’s an effective parametric 
equaliser for guitarists, provid- 
ing four filters: LOW, LOMID, 
HIMID and HI. The LOMID filter 
operates more or less over the 
fundamental frequency range, 
while the HIMID covers the up- 
per fundamentals well into the 
harmonics. The other two are 
standard low-pass and high- 
pass filters. 


COLOUR VIDEO 
INTERFACE FOR THE 
ATARI ST 

The ST is one of the significant 
new computers introduced in 
the past few years. Unfor- 
tunately, its SCART video out- 
put makes it impossible in 
many cases for the machine to 
be readily connected to a 
colour TV set or monitor. This 
interface solves that problem. 





Conjuring up a graph 





f you can move a felt-tip pen around a pad you’re sudden- 

ly in the same league as da Vinci, Picasso, Lautrec, Frank 
Lloyd Wright, Brunel ... and others of their ilk, according 
to a Melbourne-based company, vision Control, who has de- 
veloped a powerful computer graphics system for high qual- 
ity two-dimensional drawing and ‘painting’. 


The system, known as ‘“‘Con- 
jure’, runs on the IBM AT and 
some compatibles. That means 
it runs on an office desk, unlike 
most comparable systems 
claims Vision Control, which 
are usually housed in some kind 
of video production house. 

Vision Control claim the sys- 
tem will revolutionise a host of 
enterprises in a wide range of 
fields — architecture, engineer- 
ing, advertising, cartography, 
graphic design, education and 
marketing. 

But the great flexibility of the 
Conjure system, the company 
says, creates opportunities for 





Dollar bust brings 


boom for electronics 


he falling A$ is bringing 

some windfalls to the Aus- 
tralian electronics industry. 
Two local manufacturers have 
recently won contracts to sup- 
ply locally designed and 
manufactured modules to Bur- 
roughs Ltd, the world’s second 
largest supplier of computer 
systems, for their B25 range of 
business computer systems. 

Victorian switchmode power 
supply manufacturer, Setec Pty 
Ltd, will supply power modules 
to Burroughs. They are the first 
Australian company, and only 
the second world-wide, to meet 
the standards set by Burroughs 
for this product. 

The Sydney-based LSE 
Manufacturing, a division of the 
James Hardie Group, has al- 
ready started delivering 256K 


less obvious organisations. For 
example, Perth firemen now 
have all the city maps and 
buillding plans available on 
computer. When there is a fire, 
a graphic display shows impor- 
tant information on the site in 
text and pictures to assist the 
firemen’s knowledge of the 
target. 

The constabulary can use 
Conjure, too... as a ‘video iden- 
tikit’. A variant of Conjure is be- 
ing developed ffor_ this 
application. To date, research 
on computer-run identikit sys- 
tems has been restricted to large 
mainframe systems. 


RAM expansion boards to Bur- 
roughs. LSE produce the four- 
layer board here from go to 
whoa, beginning with parts 
procurement, construction, full 
environmental testing, packing 
and shipping. 

Chalk up two strokes for the 
home side. 

Meanwhile, the Roland Cor- 
poration is speeding up feasibil- 
ity studies into the local 
manufacture of computer moni- 
tors and its top-selling plotter 
range as a result of the A$ drop 
against world currencies. 

The President of Roland Cor- 
poration Japan, Mr _ Ikutaro 
Kakehashi, revealed the compa- 
ny’s plans at the opening of 
their new office and warehouse 
complex in Dee Why West in 
August. 
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Images may be called-up from 
a ‘library’ or created and 
manipulated with a digitizing 
pad. Hard copy output can be 
obtained with a range of quali- 
ty imaging devices, such as 
QCR or PCR high resolution 
film recorders, Tektronix 4692 
or 4696 inkjet printers or the 
Matrix TT200 thermal transfer 
printer. A video output option 
provides true broadcast stan- 
dard composite PAL video. 


Conjure also has a video 
digitizing input option that pro- 
vides the capability to capture 
images of objects, drawings and 
photographs with a video reso- 
lution of eight bits per pixel. 


All a small company needs to 
catapult it into the ‘big league’, 
according to Vision Control, is 
one reasonably sized desk, an 
AT or compatible, the required 
options and imagination! 
Imagine an art departinent with 


ics revolution 


VERA RO RRR 





no paint, pencils, rulers, marker 
pens, Letraset and virtually no 
paper; imagine’ turning 
Polaroids into simple but stun- 
ning TV commercials; imagine 
adapting new maps (or other 
complex drawings) from old in 
less time than it takes to sharpen 
your red and blue pencils — 
says Vision Control. 

Basically, Conjure is a little 
‘genie’ that releases designers, 
engineers, artists and creative 
people from boring, repetitive 
tasks, the better to achieve more 
of what they’re best at — think- 
ing, drawing and just creating, 
the company says. 

And to further motivate your 
interest in these parlous times, 
Conjure is fully Australian 
designed, developed and 
manufactured. Further details 
are available from Vision Con- 
trol International Pty Ltd, 
Miles St, Mulgrave Vic. 3170. 
(03) 560 2444. 





Digital diary beats 


FBT car log hassles 


L222 vehicle use to comply with the new fringe benefits tax 
presents considerable hassles and generates mountains of ‘paper 
warfare’. But a West Australian company, the Beaver Corporation, 
has come up with what they describe as an automatic electronic sys- 
tem that wipes away the paper piles, log books and the hassles. 

Beaver Corp’s Digital Diary istalls into any modern vehicle and 
automatically records the necessary log information — date, time, 
odometer readings, km travelled vehicle registration, etc. One vehi- 
cle with Digital Diary can separately record the usage of different 
drivers by means of PIN numbers (as with credit card systems). 

The Digital Diary is used with any IBM computer or compatible 
and provides two standard report forms — a vehicle usage report 
and all individual trip details. Hard copy reports can be made and 
signed by the users. 

Beaver Corp. claim the Digital Diary is easy to use, requiring sin- 
gle keystroke responses to simple on-screen menus. Report genera- 
tion requires a minimum of user training and computer time, they 
claim. Demonstrations of the Digital Diary were held at the Perth 
Electronics Show recently. Further details from Chris Campbell, 
Beaver Corp., Unit 7, 24 Thorogood St, Victoria Park 6100 W.A. 
(09) 361 7766. 
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TENNYSON 


Tennyson Graphics can do your 
photoplotting with the speed of light. 


Tennyson Graphics are Australia’s only company 
with state of the art laser photoplotting and 
computer graphics. 


SO we can photoplot artwork masters of your 
printed circuit boards with higher speed, higher 
resolution and higher accuracy than anywhere else 
in the country. 


You can even choose your own non standard 
apertures on our Scifex Response 280 System. It can 
also do step-and-repeat and nesting up fo 
1000 mm x 1850 mm. 


And of course we can accept data on tape or 
floppy disk in industry standard Gerber format. 

Tennyson Graphics will be happy to give you the 
full story if you phone on (O03) 579 0424. 


TENNYSON GRAPHICS 
A DIVISION OF REPROCART PTY LTD 
993 NORTH ROAD 
MURRUMBEENA VIC 3163 
TELEPHONE (O03) 579 0424 
TELEX 34457 
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PRONESRCE 


LOW COST PROFESSIONAL QUALITY 
MULTILAYER PRINTED CIRCUIT BOARD 
DESIGN PROGRAM VERSION 2.0 


For 2==:* AND COMPATIBLES plus the 
NEC ** APCII| PERSONAL COMPUTERS 


PROTEL-PCB software is written in Australia and allows you 
to create, correct and plot camera-ready artwork. PROTEL- 
PCB eliminates time consuming tape up methods. 


e Check the list of new features and you will see that the 
program has been further enhanced as a low cost 
professional quality program. The Program now allows the 
design of circuit boards to 32 x 19 inches. The user can view 
and work on the entire PC at once, or with five levels of zoom 
work on particular areas as small as 1.6 x 0.95 inches on the 
full screen of the VDU. Camera ready 1:1 or 2:1 ink plots are 
available as is 1:1 or 2:1 rapid colour plots of all layers. 


PROTEL-PCB Version 2.0 new features 


© Grid Size down to 0.001 inches, select 9 sizes. 

@ Maximum PCB dimensions 32 x 19 inches. 

e Five zoom levels from 32 x 19 to 1.6 x 0.95 inches. 

e Extensive Library facilities, predefined components. 

e Rubber banding, move components and maintain tracks. 
e Bill of Quantities, produced as text file. 

e Area fill command for heavy tracks and ground planes. 
e Track breaking, deletion and stretching capabilities. 

e Seven text sizes can be rotated or mirrored. 

e Four track widths 15, 30, 50 and 100 mils. 

e Four sizes of edge connector. 

e Six pad sizes. 

e Two DIP pads. 

© Gerber plotter support. 

e Adjustable plot starting point. 




















DEMONSTRATION PACK 
Send $25.00 and receive a 
demonstration pack complete with 
instructions. 

FULL PROGRAM 
$890.00 plus tax if applicable 
plus*$10.00 freight. 


WRITTEN FOR DESIGNERS OF PCBs 
HST TECHNOLOGY PTY LTD 


445 MACQUARIE STREET, HOBART, TASMANIA, 
AUSTRALIA 

POSTAL: G.P.O. Box 536F. 

CABLE: Lightning, Hobart. Telex: AA58260 EFAUS. 








HST 


TELEPHONE: National (002) 234263. International +61-02-23 4263 
FACSIMILE: National (002) 238771. International +61-02-23 8771 


“Registered Trade name of IBM 
** Registered Trade name of NEC Information Systems Australia 


ye ARTWORK 


JEMAL PRODUCTS 


““THE ONE STOP TECHNOLOGISTS’”’ 


ONLY A PHONE CALL AWAY 
PHONE (09) 3505555 


ALL DELIVERIES AIR OVERNIGHT 


@ FINE SCREEN 
@ P.C.B. PRODUCTIONS PRINTING 

@ SAME DAY PROTOTYPES @® ASSEMBLY 

@ CLOSE LIMIT SHEET @ FLOW SOLDER 


METAL @ PRE-FORMING 
@ PANELS @ WIRE PROCESSING 
@ CHASSIS @ COMPONENT 
@ RACKS SOURCING 


@ A.T.U. FACILITY 


— JEMAL PRODUCTS — 


5 Forge St, 
Welshpool W.A. 6106 
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Relieving the design 
drudgery with CAD 





Roger Harrison 


One boon the ‘computer boom’ has brought electronics engineers is 
the facility of computer aided design, CAD, at increasingly 
affordable prices. Where wordprocessing and spreadsheet 
computer programs are essential tools of modern managers, CAD 
programs and systems are rapidly becoming essential tools for 


today’s electronics engineers. 


FOR THE WORKING ENGINEER, technical officer or tech- 
nician involved in the design and prototyping of electronic 
equipment, the low productivity drudgery bit is inevitably 
pc board draughting and circuit drawing. But, as they are 
two essential tasks, anything you can do or employ to reduce 
the time and effort spent reaps obvious benefits. 

While computer aided design, or more specifically com- 
puter aided draughting, is not new, being originally deve- 
loped on large mainframe systems, the ‘personal computer 


revolution’ has brought it literally to the desktop. Tradition- 
al draughting, whether electronic or any other type, involves 
principally a mental skill allied with a variety of physical 
skills. 

Electronic draughting in particular involves the use of a 
defined set of symbols placed and interconnected according 
to a broad set of rules. The object is to embody an inntellec- 
tual concept — which is represented by a circuit — in visual 


form so that anyone ‘“‘understanding the language” of the p 
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standard, stylised symbols understands the concept. 

Printed circuit draughting is somewhat different. Restraints 
are far more rigidly applied — for sound electrical and 
mechanical reasons. e.g.: ICs are manufactured according 
to internationally agreed mechanical standards, and these 
determine the mechanical restraints on pc board layout. 

CAD software packages aimed at, or useful to, someone 
involved in any aspect of electronic design and/or produc- 
tion are divided into two fundamental types — general 
‘draughting’ or ‘line drawing’ packages and ‘pc board lay- 
out’ packages. They may be designed for use in typical ‘desk- 
top’ situations running on something like and IBM PC, or 
similar, or rather larger systems employing one central com- 
puter shared between ‘workstations’. Each has distinctive fea- 
tures — and failings — but we don’t have the scope to go into 
those aspects exhaustively in this article. 


The draughting process 


Typically, circuit drawing commences with a pencil rough 
on a blank sheet of paper, working from top to bottom, left 
to right (conventionally). Unless you start with a large sheet, 
inevitably you end up crowding the drawing on the bottom 
or right — or somewhere! Such sketches are first working 
roughs that go through numerous changes involving much 
application of the eraser and elbow grease. A final draught 
may then be drawn, usually on squared paper for better plan- 
ning and placement of the circuit symbols. From this, a 
final ink drawing on tracing paper is prepared. It may be 
traced directly from the rough, or laid over squared paper, 
using this as a guide for placement of the various component 
symbols, as before. Inevitably, even this drawing will end up 
being corrected at some later stage. 

So, how is it all done on a computer? 

There are many similarities and commonalities between 
computer draughting software packages, so I’ll cover the 
salient features. 

Firstly, you’re given a grid to work on. The beauty of com- 
puter software is, of course, you get to specify the grid 
parameters to suit yourself. A cursor becomes your pen or 
pencil tip and you get the facility to move it around employ- 
ing a convenient peripheral like a mouse or a ‘digitizer’ tablet. 
The computer mouse is probably a familiar device, but a 
digitizer tablet may not be. This gadget is simply a board with 
sensors that detects the position of a small ‘cursor’ you move 
over the tablet. This cursor’s position is echoed by the on- 
screen cursor. Buttons on the digitizer’s cursor allow you to 
mark the cursor placement, as well as serve other functions. 

The software will present you with menus of commands 
suited to a wide range of draughting activities. For example, 
you can place your cursor at one point, mark the position, 
then drag your cursor to another position and mark it too, 
then select a command that draws a line between the two 
points. You may create a figure, such as a rectangle, and repo- 
sition it anywhere on the screen. You may also copy the figure 
and place the copy elsewhere on your drawing. You can cre- 
ate ‘ranks’ of symbols in an array, a very handy feature for 
digital and microcomputer circuity (e.g: for creating banks 
of RAM). 

Editing commands take the place of eraser and elbow 
grease. Generally, at least three editing commands are avail- 
able, letting you erase portions of a drawing, copy symbols 
or portions of the drawing, as well as move elements of cir- 
cuit portions. 

The grid generated by the software serves the same pur- 
pose our squared paper did earlier. Generally, your cursor 
is confined to move only in increments set down in the grid, 
“snapping” from point to point. You may, however, have the 
freedom to move the cursor pixel by pixel, but using the snap 
facility generally speeds things immensely and permits great- 
er accuracy when joining points and lines, closing circles, etc. 


ARE MICROCAD SYSTEMS SUITABLE FOR PCB DESIGN? 


Over the last 12 months there has been an extraordinary increase 
in the use CAD software on microcomputers with such packages 
as Autocad. The use of such software has been so wide spread 
that the general term ‘‘microcad”’ has come into use to distinguish 
them from the larger turnkey CAD/CAM systems. Microcad is be- 
ing used in a variety of applications, particularly in electronics where 
there has always been a problem in the drafting of circuit diagrams 
and the preparation of printed circuit board artwork. 

The effectiveness of microcad in electronics has been ques- 
tioned, especially by those who use the larger turnkey CAD/CAM 
systems as thhey know how demanding circuit board design is on 
their machines and could not believe that a system one tenth of 
the cost could possibly do the job. 

Some Microcad vendors claim their systems have similar per- 
formance and features to larger systems and at a fraction of the 
cost. In practice this is clearly not the case but microcad can be 
an invaluable tool in some applications. Microcad enables com- 
panies to achieve consistency, take advantage of repetition in draw- 
ings (e.g: repeatedly used symbols) and improve quality for very 
little capital outlay. In many cases, a 50% improvement in produc- 
tivity will justify its introduction. A further benefit in adopting the 
microcad approach is that staff can be quickly trained, typically 
being productive within a week or so, and they can combine manual 
PCB design techniques with CAD by digitising manually prepared 
sketches. 

What is frequently overlooked by companies in their eagerness 
to save thousands of dollars is the limitations of microcad systems. 
They are very effective on drawings of low complexity, but as com- 
plexity increases such factors as screen update times, screen reso- 
lution and speed of response to graphic edits begin to effect 
productivity. Another factor, which is far more difficult to quantify, 
is the increase in errors with complexity. Errors are easily made 
and difficult to detect on a low resoltuion screen. Microcad sys- 
tems often have poor ergonomics both in terms of posture for the 
operator and due to the low screen resolution. 

Microcad systems do not offer the huge potential productivity 
gains that the more expensive turnkey CAD/CAM systems or en- 
gineering workstations offer due to the lack of efficient design au- 
tomation software such as autoplacement and autoroute. The 
maximum productivity gain achieveable on microcad systems is 
around 3:1 whereas, by employing automated design techniques, 
productivity gains can be up to 10:1. Also, the more expensive sys- 
tems have comprehensive error checking, high resolution screens 
and very fast graphics. A possible drawback to the automated de- 
sign approach is the high level of skill required and the time taken 
to reach proficiency, which can be from two to six months. 

Once a company decides it has a problem which can be solved 
by using CAD, it must then determine whether microcad will meet 


7 their needs. They need to estimate average complexity of their 


drawings, volume and turnaround required and then decide on the 
range of systems that meet their needs. If, for example, a compa- 
ny has a requirement for a large number of high density circuit 
boards which have to be designed within time scales determined 
by other activities within a project than the turnkey CAD/CAM ap- 
proach would be most appropriate. At the other extreme, a com- 
pany that requires low density circuit boards and has occasional 
requirements for other types of drawings would be well served by 
the microcad approach. An approach some companies are taking 
is to do part of their work “‘in house’ on microcad systems and 
to send the more complex work to a service bureau. 

In conclusion, microcad is here to stay and will continue to in- 
crease in popularity. Prospective CAD system purchasers should 
be wary of how the limitations of microcad will affect their appli- 
cation. 

Brian Watson 
Tron Computer Graphics 





When moving the cursor away from a marked point, a line 
is drawn from that point to the current cursor position, no 
matter where you place the moving cursor. This line 
‘stretches’ as you move and the facility is called “rubber band- 
ing” for obvious reasons, and it allows you to see exactly what 
you re doing. 

Lines of greater width than a single trace are obtained by 
drawing multiple lines immediately side by side. > 
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Now there are more reasons to subscribe! 


With Australian Electronics Monthly 
now incorporating Elektor Electronics 
— there are more reasons 

to subscribe. 


It’s cheaper to subscribe! Rather than pay 
$57.00 for an annual subscription ($4.75 a 
month), you can subscribe at $49.95! 











@® More projects! 


@® More features! 


@® More practical articles! 


With Elektor inside AEM, now you get more 
scope and variety in articles, features and do- 
it-yourself projects. This means — you should 
not miss a single issue! To avoid 
disappointment, make sure you get every 
issue — SUBSCRIBE! 


And what’s more, you could win yourself a 
great Weller soldering station! 
Fill out the coupon and send it today. 


SUBSCRIPTION FORM 


Subscribe, and you could win this superb Weller 
WTCPN Soldering Station courtesy of Cooper Tools. 
Each month, we’ll award this prize — worth over $140! 
— to the new subscriber who best answers the 
questions here. 


Q1: Weller irons employ ‘ 
control. 


’’ point temperature 


Q2: On a separate sheet of paper, in 30 words or less, 
what was it that prompted you to subscribe to AEM this 
month? 
Annual subscription price: $5200 $49.95! 
(overseas prices on application). 
Complete this coupon, cutout or photostat and send to: 


Subscriptions Dept. 
Australian Electronics Monthly 
PO Box 289, WAHROONGA 2076 


Please forward 12 issues of Australian Electronics 
Monthly 

Please tick payment method: 

Bankcard L) Visa LJ) Mastercard LJ 

American Express () Cheque/money order L| 


(Please make cheques or money orders payable to Australian 
Electronics Monthly) 





(Cooperfools) 





WIENS JPRS 


A transformer-powered soldering station. 
complete with a low voltage. temperature-controlled 
soldering pencil. The special Weller ‘‘closed loop” 
method of controlling maximum tip temperature is 
employed, thereby protecting temperature sensitive 
components, while the grounded tip and non- 
inductive heater protects voltage and current 
sensitive components. The soldering pencil features 
stainless steel heater construction, a non-burning 
silicon rubber cord and a large selection of iron 
plated tips in sizes from .8 mm diameter to 6 mm 
diameter with a choice of tip temperature of 
bi, 315°C/600°F, 370°C/700°F and430°C/800°F. The 
transformer case features impact-resistant noryl for 
durability and protection against accidental damage. 
a quick connect/disconnect plug for the soldering 
iron, extra large wiping sponge. tip tray to store extra 
tips, plus an improved off-on switch with a long-life 
neon indicator light. a non-heat sinking soldering 
pencil holder, and a 2 m flexible 3-wire cord. 


Card No. 
Expiry date .../.../... 


ae’ fase Postcode 
“Unsigned credit card orders cannot be accepted. 
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Well, all that’s fine, but circuit drawing involves repeated 
use of standard symbols and repeatedly drawing the same 
symbol is drudgery — and a right pain in the rectangle, hence 
“libraries” may be created. Such library symbols are often 
referred to as ‘macros’ or ‘icons’. 

In past years, Letraset created a range of rub-down circuit 
symbols for this very task. Some packages supply circuit sym- 
bol libraries, but any package worth its salt includes a library 
of what is termed ‘‘primitives”. These are figures or partial 
figures, such as circles and arcs, which may be called-up on 
command and assembled to create another figure according 
to requirements. Thus, you can create your own library of 
circuit symbols ‘‘to taste’’. 

Once called-up from the library and placed on-screen, your 
symbol or icon can be moved, rotated, copied or arrayed. In 
other words, it can be worked on just as if you had created 
it on-screen from scratch. 
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Photo 1. The AutoCAD Drawing Editor and Standard Menu 
represent the electronic drafting board on which drawings 
are constructed. 


Photo 2. The creation of symbols for repetitive use are 
possible using simple drawing commands (primatives). A 
14-pin IC is created with lines and circles, and is then 
saved to disk for later recall. 


Photo 3. Schematic drawings can be created through a 
selection of symbols from a user-defined menu. 


CAD 


PRODESIGN II 


$550! 


Full 2D CAD System 
supports all input/output 
devices. Options include 

BOM, AutoCad Conversion, 
Symbol Libraries 


Technical Imports Australia 


PO Box 176, Crows Nest, NSW 2065. 
(02) 922 6833 





An advantage offered by CAD packages is the ability to 
‘‘zoom”’ in on any small sector of your drawing so that you 
can pay attention to the close detail where necessary, as well 
as the ability to zoom out for an overview. 

Some packages provide several ‘’worksheets’”’ which can 
be accessed from the current drawing. You may also have 
the facility to copy all or part of a drawing from one work- 
sheet onto another. Another facility often seen in CAD pack- 
ages is “windowing” — a familiar feature of many 
wordprocessing packages, but used here for supplementary 
‘scratchpad’ purposes, menu selection, etc. 

Inevitably, text has to be added to your drawing. Again, 
any CAD package worth its salt should provide for text en- 
try to drawings. In general, you place your cursor where you 
want the text to commence, call up the text mode, then type 
in your text from the keyboard. 

AutoCAD provides several ‘layers’ to work with, and you 
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Photo 4. Use of the ARRAY command enables the 
construction of a memory bank of RAM chips. AutoCAD’s 
editing commands can also move, copy, erase, stretch, 
scale and rotate. 
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can have several on-screen at one time. This is akin to work- 
ing on several sheets of transparent film or tracing paper 
placed one on top of the other over squared paper in the 
‘traditional’ drawing system. Text to go on a drawing, for 
example, is entered on one layer, after you’ve completed a 
drawing on a ‘primary’ layer. 

All the circuit drawings done here at AEM and reproduced 
in the magazine from issue one, have been created on a pack- 
age called ‘“‘AutoCAD”’,, a US product marketed here under 
licence by Entercom in Melbourne. AutoCAD runs on a num- 
ber of popular PCs. The manufacturers recommend as a mini- 
mum, a system with a single floppy disk drive, a 10 megabyte 
hard disk, 640K of RAM and some kind of ‘pointing’ device, 
such as a mouse or digitizer, to drive the cursor. An 8087 
maths coprocessor is a nicety (for speed), but not a necessi- 
ty. The display requires a colour monitor screen having, as 
a minimum, a resolution of 640 x 350 pixels which means 
something like the IBM EGA colour graphics card or a Tech- 
mar card. 

We created all the symbols ‘from scratch’, and they’re 
stored on hard disk for day to day use, backed up on floppies. 


What about the drawn result? 


It is fundamental that you need acceptable quality hard copy 
output. Just what ‘‘acceptable’’ means depends on your ap- 
plications and your pockets! Generally, this means a plotter 
of some description. Different packages call for differing plot- 
ter standards. 

Basically, there are two plotter types: the flat-bed X-Y plot- 
ter and the ‘‘sweet lips’’ plotter. The former employs an arm 
that moves across (the X direction) a sheet of paper or film 
which is fixed to a platten (the ‘bed’). This arm carries a pen 
on a transport which moves the pen up and down the arm 
(the y direction). The ‘‘sweet lips’ type takes the paper or 
film, holding it between rollers on top and bottom which 
drive the sheet back and forth while a pen is transported to 
and fro across the paper. Each has its own advantages and 
disadvantages. 

Some packages provide for output to a dot matrix printer 
for quick ‘“‘check plots’’, often a handy facility. In some ap- 
plications, it may provide ‘acceptable’ quality output. 

Plotters that deliver good quality hard copy do not come 


FASTER TURNAROUND TIME FOR PCB PHOTOPLOTTING 


The Tennyson Graphics Electronic Laser Plotter combines the ver- 
satility of a rotating drum with the speed and precision of laser op- 
tics for the rapid exposure of high quality phototools, the company 
claims. 

Printed circuit designs are transferred to the plotting system from 
a CAD system. Standard Gerber photo plotter input is read into 
the system from 9-track magnetic tape of IBM compatible diskettes 
or transferred through the telephone system by modem. 

The Tennyson Graphics’ plotter is a raster plotter, so it has no 
aperture wheels. All specifications for tracks, pads, mirroring, step- 
and-repeats and nesting are entered on an alphanumeric termi- 
nal to individual job requirements. 

A high speed minicomputer, backed by 9900 megabyte disk 
memory, runs exclusive conversion software, to turn the xy design 
into plot ready raster data. 

The software interprets draftcodes to tables that can include emu- 
lation of both standard and customized apertures. Each set of aper- 
tures can include up to 96 different track widths and 96 different 
pad sizes and shapes. 

The plotter’s 40 x 73 inch format (1010 x 1850 mm) is the lar- 
gest in the industry. It produces high quality photo tools up to 10 000 
pixels per square mm. The laser exposes at consistently uniform 
density and causes no pinholes. 

The photo plotting of a 200 x 200 mm double-sided PCB with 
four plots costs only $245. 

Tennyson Graphics claim a turnaround time of less than 48 hours. 
Contact Tennyson Graphics, 993 North Rd, Murrumbeena, Vic. 
3163. (03) 579 0424. 


cheap, and may push up the cost of your hardware by some 
30% to 100%. If you do a considerable number of drawings, 
the cost may well be justified, but if you only require one or 
two a month, or fewer, then it’s an expensive item to lease 
or purchase. For this reason, plotting service bureaus have 
sprung up. Generally, they offer to plot your work direct from 
disk for a fee. Some can take your drawing file via modem 
over the telephone network. Handy! 

The output from your CAD package may be ‘scaled’ to size 
before plotting. This may be necessary to keep the entire 
drawing on a single sheet or to conform to a size standard. 


Storage 


The most common form of drawing file storage is the ubiq- 
uitous floppy disk. However, drawings can suck up positively 
huge amounts of memory and you may find drawings occupy- 
ing a quarter meg of memory not uncommon. In general, we 
find an issue’s worth of AutoCAD drawings require one or 
two DSDD floppy disks. 

It seems most CAD programs require you to save a draw- 
ing to floppy or hard disk before it can be plotted. It’s a fea- 
ture that prevents costly and time-wasting ‘’accidents”’. 


Printed circuit design 


The process of laying out a printed circuit has many similar- 
ities as well as many differences to line drawing of circuits. 
In pc board design, as in line drawing, one makes repeated 
use of common standard symbols — lead termination pads, 
DIL package layouts, etc. 

Probably the most common (commercially, anyway) 
method used to date, and still widely practised, involves the 
placement of special plastic adhesive pads, pad layouts and 
tapes on a sheet of draughting film laid over a transparent 
grid sheet on a light box. These indicate the shape, size and 
location of conductors, lead terminations etc and are usual- 
ly scaled at 2x or 4x actual size to enable easier manipula- 
tion of the adhesive pads and tapes to assist accuracy in the 
final result. This is necessary because the tape represents 
electrical conductors which must be laid down according to 
established design rules setting trace width, minimum spac- 
ing, etc. The process often involves delicate cutting of pad 
shapes and careful laying or redirection of tracks. An actual- 
size transparent ‘phototool’ is then made from this master. 

Such taped-up artwork is not only laborious and thus time 
consuming to lay, particularly with large boards employing 
many components, but it’s very fragile with only few cor- 
rections possible before the tape loses adhesion or the lay- 
out is otherwise damaged. If you later need to make a major 
change to such a layout, well ... happy nightmares! 

Software for pc board layout is ‘‘application specific’ and 
at once both versatile and limited. The appropriate design 
rules are generally incorporated in such packages, leaving 
you to concentrate on the necessary major task of layout, a 
versatility which line drawing packages (which may be used 
for the same task) generally do not boast, without requiring 
an additional software ‘module’. 

Most pc board CAD packages feature multi-layer facilities, 
some include a facility for draughting component side an- 
notation for the creation of silk-screen overlays during 
manufacture, solder mask facilities, etc. In addition, they 
generally incorporate in-built layout rules that ensures you 
can only place pads and tracks within the set parameters. 
For example, if a track needs to pass close to a pad, the pad 
will automatically be ‘shaved’ to guarantee minimum con- 
ductor separation. 

As with the line drawing CAD packages, you are present- 
ed with a cursor which may be moved around the screen by 
means of keyboard keys, a mouse or a digitizer. In general, 
you will be supplied with a library of pads and pad layout 
icons which can be placed on-screen, rotated, moved, copied 
or arrayed as desired. » 
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Tracks are drawn between connection points by one of two 
methods — manually, or by “’auto-routing’’. In the manual 
method, you start at one point and move the cursor around 
the board as you would a pen. Track width may be specified 
before you start. Some packages allow right angle bends (i.e: 
Protel-PCB), while others fillet the corners at 45 degrees (e.g: 
Smartwork). 

Auto-routing does the job for you, employing a complex 
software algorithm. You have to leave your system running 
for many hours while it completes the task (depending on 
the software algorithm and the speed of your hardware), but 
it will prove quicker than you, especially on large boards with 
many components. Some packages (the more expensive ones!) 
can auto-route over multilayer boards, while others can only 
cope with one layer at a time. Nevertheless, it must be pointed 
out, you will end up with a number of uncompleted tracks 
because the program cannot find a route and you have to 
solve the problem youself. 

While line drawing CAD packages feature an array func- 
tion for repeating symbols or sub-drawings, pc board CAD 
packages may provide a “‘step-and-repeat” function which 
enables rapid generation of repetitive board layout sections, 
such as RAM. You will also see “cut and paste’’ functions 
where a layout section or area can be marked out, moved, 
copied or saved for later use. In this way you can create ‘stan- 
dard’ layouts or sub-layouts which can be stored and used 
over and over again. 

A “‘cleave” function is featured with some pc board CAD 
software. This allows you to ‘stretch’ a layout on one axis 
while maintaining the connections previously established. 
Just the thing for adding extra devices in a layout without 
having to start a section, or the whole board, over again. 

For obvious reasons, hard copy output for pc CAD pack- 
ages requires a plotter. Many packages provide the facility 


of choosing 1:1, 2:1 or even 4:1 format artwork. Most pro- 
vide for some sort of ‘‘checkplot’’, usually on a dot matrix 
printer operated in high resolution graphics mode. Such plots 
may be used on occasion to make prototype boards (we’ve 
done it!) 

Here at AEM, we’ve used a program called Smartwork 
since issue one. It is also a US package, manufactured un- 
der licence here by Entertainment Audio of Adelaide. Smart- 
work features “‘conductor sensing”, which prevents the 
accidental shorting of tracks. 

Smartwork is especially good for pc board layout of digi- 
tal circuitry, or circuitry which is predominantly digital, 
although we have used it for all-analogue boards on occa- 
sion. AutoCAD we’ve used principally for analogue circuitry 
dei layouts, but we have employed it for the odd digital 

oard. 


In conclusion 

CAD draughting packages can certainly relieve the design 
drudgery — a fact we can personally vouch for! CAD soft- 
ware for desktop PCs are relatively new and this ‘overview’ 
is necessarily limited to a fairly fundamental level. If you’re 
prepared to pay the price, all sorts of bells and whistles are 
available. The current position has probably been best 
summed-up by Murray Stein of Entercom, who said: “‘It’s 
important to remember that CAD hasn’t been around all that 
long. And it certainly hasn’t been affordable either. But the 
increasing sophistication of microcomputers and software 
is now making possible what could only be imagined a few 
years ago. The future is indeed bright.” & 


We gratefully acknowledge the assistance of the following people 
during the preparation of this feature: Peter Messner of 
Entertainment Audio, Murray Stein of Entercom, Mike Lovell of 
Quest, Brian Watson of Tron Computer Graphics and John Irving 
of Penman. ! 


Circuit Board Design 


by Tron Computer Graphics 


With 5 Years C.A.D. experience and utilizing the VAX based Intergraph CAD/CAM system, we 
specialize in the design of large, high component density circuit boards. 


Using advanced automated design software tools our circuit board design software includes: 


@ Schematic Capture 

@ Automatic Gate Allocation 

@ Autoplacement 

@ Automatic Pin and Gate optimization 
@ Autoroute 

@ Back Annotation 

@ Design Rules Checking 


The combination of our experience and sophisticated facilities enable us to provide fast 


turnaround, no circuit errors and high quality. 


Because of our automated design approach, changes are easily implemented at any stage — 
either during the initial design or after prototyping. 


We have experience in double sided, multilayer, surface mount and E.C.L. circuit boards. Our 
schematic and component libraries cover T.T.L., C.M.O.S., E.C.L., Intel and Motorola and are 


constantly updated. 


For a fixed price quotation or more information: Contact: Brian Watson 


Tron Computer Graphics Phone: (03) 344 7976 


PO Box 188 Ivanhoe Vic 3079 
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INTRODUCING THE TIME-SAVER/MONEY-SAVER 





CIRCUIT-BOARD-ARTWORK SOFTWARE 


For only $1,250 smARTWORK™ lets the 
design engineer create and revise printed- 
Circuit-board artwork on the IBM Personal 
Computer (or equivalent). 

Forget the tedium of taping it yourself or 
waiting for the technician, draftsperson, or 
the CAD department to get to your project. 


SMARTWORK™ (Version 1.20) is the only 

low-cost printed circuit-board-artwork editor 

with all these advantages: 

(J Conductor spacing always correct. 

[] Lines don’t become too narrow. 

i_] Connecting lines do not intersect other 
conductors. 


[ } Automatically seeks and draws shortest 
route between conductors. 

CJ Quick correction and revision. 

(J Production — quality 2X artwork from a 
pen-and-ink plotter. 

_} Prototype — quality 2X artwork from a 
dot-matrix printer. 

_] Easy to learn and operate. 

L] Single-sided and double-sided printed 
circuit boards up to 10 x 16 inches. 

LJ Multicolour or black-and-white display. 

L} Library storage and retrieval of your own 
commonly used layouts and pinouts. 





CL] Block movement for on- screen 
cut and paste editing. 

LJ Place text on either board layer. 

(1) Separate silk screen layer. 


System Requirements (SmMARTWORK™ 

Version 1.20) 

LJ IBM PC, XT or close compatible with 
384K RAM, 2 disk drives. 


LJ IBM Colour/Graphics Adaptor with RGB 
colour or B & W monitor. 


LJ Epson MX/FX80/100 dot matrix printer. 


CJ Pen-and-ink plotters: 
Houston Instrument DMP42, 52 
Hewlett Packard HPGL 7470, 75, 7580, 
5, 6 

ZC Microsoft Mouse (optional), and other 
compatibles. 


This revolutionary software package 
Originates from the U.S.A. where it has a 
proven record for reliability. 

Entertainment Audio of Adelaide are 
actually manufacturing the product locally, 
which has obvious benefits: 


, C0 Quicker availability of new releases and 


upgrades. 
CJ Experienced engineers available to help or 
answer enquiries. 


"For a FREE TRIAL 
of smARTWORK™ 
and further 
Information ring 


(008) 88 8414 


HiWIRE™: A NEW PRODUCT 
(A COMPANION TO smARTWORK™) 




















What is HiWIRE™? 

A computer program designed to aid in the 
creation and drafting of electronic and electrical 
Circuit diagrams. 


Creating diagrams — the old way 

The thoughts and ideas of the design engineer 
are hand sketched, fediously corrected and 
redrawn, resulting finally in an untidy, draft 
sketch, which must then be sent to a skilled 
draftsperson for the production of a drawing of 
satisfactory presentation. 


Problems with the old way 

The production of circuit diagrams is a common 

“bottleneck” as a result of the time needed fo 

produce quality drawings. 

Therefore an effective Computer Aided oe 
system can not only relieve this “bottleneck”, Dut 

; So provide the archiving of design efforts for 

the future. 





Enter HiWIRE™! 

HiWIRE™ is a circuit diagram capture program 
for the IBM PC or close compatibles. 

HiWIRE™ may be used throughout the design 
and documentation stage of a design, yet it is as 
easy fo use as pen and paper. 


HiWIRE™ — How does it work? 
CL HiWIRE™ is a computer based drawing editor, 


with the ability to work with, and “understand” 


electrical connections. That is, HiWIRE™ 
allows the user fo select and draw not just 
lines, but wires and wire busses. 


LJ Symbols may be loaded from a library, 
and the drawing may be annotated with 
text labels. 


CJ Objects can be moved, copied, deleted or 
rotated with the click of a mouse button. 


LJ Symbols may be defined by the user. 


LJ The display may be divided into 
windows, fo permit simultaneous viewing of 
various portions of a drawing. Windows may 
be quickly panned, scrolled, or Zoomed. 


L) The program can identify the connections of a 
complex circuit, including device pin 
allocations, and device information. 

CJ Information spat part number, 


location and other attributes for each device 
may be quickly entered. 


CO HiWIRE™ will extract this information from a 
drawing, providing lists that may be used 


by other programs such as component 
loading and PCB layout generation. 


CJ Versatile plotting and printing from a wide 
range of popular devices. 

Hardware Requirements 

LIIBM PC, XT, or AT or 100% compatibles. 

LJ Two disk drives. 

C320 K of memory. 

L] Microsoft Mouse or compatible Colour 
Graphics Adaptor and RGB monitor or; 
Enhanced Graphics Adaptor and monitor. 

CDOS 2.0 or later. 


C) Plotters from Houston, Hewlett Packard or: 
Epson FX series printer or compatible. 


Availabili 


ty 
HiWIRE™ is expected to be available in 
August 1986. 


Entertainment Audio P/L 
A VILLAGE ROADSHOW COMPANY 


59 KING WILLIAM STREET, 
KENT TOWN, S.A. 5067 
eae) MG OL DEC LO ROL Coy-| 





Representing WINTEK Corporation (USA 
a Were) nstralla a 


and HIWIRE™ are nant 
Corporation USA. 
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In-circuit faults 


locator 


A rower new tool from Polar Instruments to help in 
quickly locating circuit faults, especially those difficult- 
to-find ones, has been released by Emora Instruments. 


Using the model T1200 (or 
T1000 connected to an oscillo- 
scope in XY) the technician or 
engineer has a_ flexible 
troubleshooting aid. Faults can 
be located on unpowered elec- 
tronic boards and quickly isolat- 
ed to a particular component, 
according to Polar. 

Troubleshooting can often be 
performed WITHOUT a 
detailed knowledge of the faulty 
circuit’s action, Polar claim. 
This method allows the rapid 
detection of defective compo- 
nents unlike conventional tech- 
niques which require a highly 
trained technician and often 
lead to excessive fault finding 
times. 

In addition, simple transistor 
curve tracing features are avail- 
able, allowing devices to be 
checked for gain etc, and 
matched where necessary. 

General faultfinding on a 
wide variety of unpowered 
boards is achieved using the LO 
or HI ranges. These product a 
current-limited ac test voltage 
across a pair of probes plugged 
into the front panel. The probes 
are connected between two 


points on the faulty board and 
the display shows the im- 
pedance ‘signature’ seen by the 
probes, i.e: the current/voltage 
characteristic of the compo- 
nents between the probes is 
plotted. 

The display can be used to lo- 
cate faults in two ways: (i) by 
recognition of a suspect or 
faulty type of display; (ii) by 
comparison with a known good 
board. Comparison between a 
known good board and faulty 
one allows the defective compo- 
nent to be rapidly located. 

Two channels are provided so 
that the unit can switch alter- 
nately between a good and 
faulty board to compare the two 
signatures. 

Simple single button selection 
allows the full output charac- 
teristics of most devices to be 
displayed. 

All probes and interconnect- 
ing leads are supplied and 
housed in a pouch on top of the 
instrument. 


Details from Emona Instru- 
ments, PO Box K720, Haymar- 
ket 2000 NSW. (02) 212 4599. 


PROM erased in a flash 


new 128K PROM from SEEQ Technology combines both 
EPROM and EEPROM technologies to give a high density, 
low-cost, non-volatile Quick Electrically Erasable PROM, or 
QPROM. As it is bulk-erasable, the 48128 Flash QPROM is an 
ideal memory device for applications requiring high density 
PROM and infrequent in-system updates, such as program store, 


SEEQ claim. 
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The device features a 200 ns read access time and can be elec- 
trically erased in as little as 20 seconds. Once erased, a byte write 
may be performed. Only a single high voltage supply is required 
for chip erase or byte write operations. 

Full details and data sheets are available from Arthur Seaton, 
RAE Industrial Electronics, Suite 203, 109 Alexander St, Crows 


Nest 2065 NSW. (02/ 439 7599. 


Portable circuit 
analyzer 


new circuit analyzer tool, 

developed by Epson Com- 
puters to provide easier and 
faster troubleshooting and 
product analysis, is now avail- 
able in Australia. 

Based on the company’s PX4 
portable computer, the compact 
new tool performs essential di- 
agnostic functions which would 
normally require expensive, 
specialised oscilloscopes and 
logic analyzers, Epson claim. 

Epson’s technical support 
manager, Mr Norm Sturdy, said 
day to day repair work will now 
be much easier and service staff 
will appreciate the tool’s port- 
ability and versatility. 

With an input of 16 channels 
the circuit analyzer displays 
waveforms of eight channels 
simultaneously up to 20 MHz. 

Timing diagrams can be mag- 
nified by up to 32 times and 
state tables can be displayed in 
hexadecimal or binary notation. 
Both can be printed out with 
either 80 or 136 column 
printers. 

As a digital oscilloscope, the 
device has a digitizing rate of up 
to 200 kilo samples per second. 
Equipped with two A/D con- 
verters, two channels can be 
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measured simultaneously 
without affecting the digitizing 
rate, Epson claim. 


For further information, con- 
tact Norma Flint, Epson Aus- 
tralia Pty Ltd. (02) 452 5222. 


A “STAR” is born 


eltec, Australian distri- 

butors of the MES range 
of equipment from America, an- 
nounces an SMD removal/re- 
placement machine called 
STAR (SMD Terminal for As- 
sembly and Rework). 

STAR is predominantly robot- 
ic, reducing operator skill re- 
quirements to a minimum level. 
Design considerations were, no 
damage to either the PCB or the 
component being removed, no 
damage to adjacent compo- 
nents, used for limited assembly 
as well as rework, minimum 
time to complete the job (usual- 
ly under 20 seconds), and max- 
imum cost effectiveness. 

STAR is the only system avail- 
able that incorporates a feature 
that breaks the bond between a 
component and the PCB 
without the use of external 
devices or tools, according to 
the makers. 

For further information, con- 
tact Meltec P/L (02) 708 4300. 





Low-cost storage 
CRO from 
Parameters 


| Odie has released 
a low-cost 20 MHz, two- 
channel digital storage CRO 
from Dynascan Corporation, 
makers of the B&K Precision 
range of instruments. 

Known as the model 2520, it 
features a sampling rate of two 
megasamples per second and 
1024. x 8 bit per channel 
storage. It also features pre- 
triggering at 0%, 25%, 75% and 
100%. Full specifications are ob- 
tainable from Parameters Pty 
Ltd, PO Box 261, North Ryde 
2113 NSW. (02) 888 8777. 


New aufto-tranny 


lectromark now stocks a 5 

kA version of the Matsun- 
aga M-type variable auto- 
transformer. These slide regula- 
tors are suitable for any equip- 
ment which is controlled by 
voltage variation. The range 
now stocked covers power rat- 
ings from 500 VA to 5 kVA. 


The M-types, ranging from 500 
VA to 10 kVA are manufactured 
in Japan to Electromark specifi- 
cations for Australian use. All 
units up to 20 amps incorporate 
Australian standard output 
sockets and are fitted with input 
cords and plugs. A voltmeter is 
fitted as standard equipment, 
and models up to 15 amps have 
a circuit breaker or fuse. 
Further details from Electro- 
mark Pty Ltd, PO Box 184, 
Mortdale 2223 NSW. 


Handheld sound 
level meter 


handheld microprocessor- 

based sound-measuring 
instrument from Britain offers 
outstanding accuracy and ease- 
of-use advantages, the makers 
claim. 

The CEL 493 Precision In- 
tegrating Impulse Sound level 
Meter from Lucas incorporates 
a 100 dB single measurement 
span covering the most com- 
mon sound level range. 

A microprocessor is used to 
provide a custom-built liquid 


Get your Commodore 
on line 
with the 


COMMODORE 
MODEM COUPLER 


A simple, low-cost interface unit that plugs into the User 
Port and drives most modems. A few lines of program 
and you're on-line! 


As described in Australian Electronics Monthly 
August 1986 issue 


KIT 


$24.95 inc. post and packing 


BUILT-UP: 
$34.95 inc. post and packing 


from 
FLEXIBLE SYSTEMS 
219 Liverpool St, Hobart 7000 Tas. 





crystal display of the precise 
digital readout and a simultane- 
ous analogue bargraph display 
for fluctuating levels. In addi- 
tion to displaying ‘A’-weighted 
sound level, the meter will also 
calculate, store and display Leg, 
Lmax and measurement dut- 
ration. 


The meter’s display indicates 
overload condition, low battery 
power, measurement pause and 
measurement reset in addition 
to parameter and numerical 
value. By using the soft-key con- 
trols, answers can be brought to 
the LCD for digital display. In- 
dicators in the display show 
which parameter is selected, 
and the pushbutton method 
adopted eliminates the need for 
special codes to obtain data 
display. 


A versatile computer inter- 
face allows remote measure- 
ment parameter selection, 
remote measurement start and 
stop and data transfer of meas- 
ured results. Sound-level sam- 
ples can be transferred at a rate 
of two per second. 


The meter exceeds the re- 
quirements of IEC-651 Sound 
Level Meters and IEC 804 (pro- 
posed) Integrating/Averaging 
Sound Meters in the Type 1 
category. 


Details from Selby Anax, 
352-368 Ferntree Gully Rd, 
Notting Hill Vic 3168. 


eo) /movelsy mn PNINES 
POWER SUPPLY 
STABILISER 


HAVE YOU CONSIDERED THE MATSUNAGA 
STABILISER AC POWER SUPPLY? 


MODELS IN STOCK 
FROM 350VA to 2KVA 
INPUT VOLTAGE 180V 


TO 260 VAC OUTPUT 


VOLTAGE 240 v+ 3% 
(110V SIMULTANEOUS 


OUTPUT ALSO 


AVAILABLE) 


Precision manufactured, accurate and efficient. Matsunaga 
automatic voltage regulators offer rapid voltage correction 
with zero waveform distortion. The units are of robust, but 
compact and lightweight construction and are ideal for 
applications where constant voltage is important. 


ELECTROMARK PTY. LTD. 
43 Anderson Road. (P.O. Box 184) Mortdale. NSW 2223 


Ph: (02) 570 7287 
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Concluding with practical suggestions on 
contact protection techniques, switching 
circuitry and coil driving. 


techniques 


AS YOU would appreciate from the previous discussion, 
there’s more to employing a relay than just connecting its 
coil and contacts in circuit. To do the job required, you need 
to see the contacts are properly operated and that the coil 
is properly ‘driven’ and its back-emf dissipated. 


Contact protection 


For the reasons covered, relay contacts are best operated at 
or near the manufacturer’s ratings. Some loads will cause 
large currents to flow for very short periods at switch-on 
and/or switch-off. Filament (incandescent) lamps and capaci- 
tive loads cause extremely high currents to flow at switch- 
on (in-rush current). Typically, for ac-operated lamps, in-rush 
currents are 10-15 times nominal load current and last up 
to 350 ms, while for capacitive loads in-rush currents are 
20-40 times nominal load current and may last only 30 ms 
or less. Generally, relays having contacts rated to carry the 
expected in-rush current are specified. Such relays will have 
heavy-duty contacts and relatively high contact pressures. 
While it has been said that arcing is good for relay con- 
tacts, excessive arcing is destructive. In addition, it gener- 
ates a measure of RF interference, which may be undesirable 
if coupled into sensitive circuitry or equipment nearby. 
A variety of means are employed to quench excessive arc- 
ing, depending on the load and the application. In low vol- 
tage applications (under 30 V) where the load is resistive a 
capacitor connected across the contacts, preferably as phys- 
ically close to the contacts as possible, will do the job. The 
capacitor’s value is not all that critical — the lowest value 
that does the job is all that’s required, really. That may lie 
anywhere between 10n and 1u, or so. A resistor in series with 
the suppression capacitor is necessary in higher voltage ap- 
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This horizontal-mount flat pack polarised relay employs a 

four-gap balanced armature mechanism featuring a double 
loop magnetic circuit to achieve high sensitivity. (National 
SA relay, courtesy RVB). 


— technology and application 


Part 2 


Roger Harrison 


plications (and is a good idea anyway). It serves to absorb 
some of the arc energy during contact breaking and limits 
the capacitor’s discharge current when the contacts close. 
The series resistor value should be above 10 ohms, but be- 
low 2k. | 

In dc switching applications, inductive loads present spe- 
cial difficulties for considerable contact arcing will result 
when the relay contacts open. This causes excessive heat- 
ing and contact erosion. The load inductance’s back-emf can 
be clipped by means of a series diode-and-zener arrangement 
shown in Figure 5(a). The components should be connected 
across the load, and as close as physically possible to it. A 
suitably rated Varistor may be substituted instead of the 
diode-and-zener. 

Alternatively, a simple series R-C combination may be used, 
connected directly across the load and physically close to 
it, as shown in Figure 5(b). The resistor may be any con- 
venient value under about 2k, but little is gained by using 
values below 470R. The capacitor may be any convenient 
value between about 47n and 2u, depending on the magni- 
tude of the back-emf. The higher the capacitor value, the bet- 
ter the suppression. The capacitor should have a voltage 
rating well above the circuit’s expected peak voltage. The 
R-C combination could also be shunted directly across the 
relay contacts (as shown by the dotted capacitor position in 
Figure 5b). For a guide to values, see ‘‘R-C Contact 
Quenching’’. 

The best contact protection is afforded by the combination 
shown in Figure 5(c), with an R-C shunt across the contacts 
having a diode in parallel with the resistor. Here, the capa- 
citor charges via the diode when the contacts are open, and 
discharges via the resistor when the contacts are closed. 
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Figure 5. Recommended contact protection schemes when 
inductive load dc circuits are to be switched. (See text). 
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(a) A diode and zener across the load clips the back-emf 
oscillations following switch-off. The zener clamps the 
large negative swing, the diode clamps any following 
positive excursions, suppressing any contact arcing from 
this cause. 
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(b) Simple R-C protection. You can attach a series R-C 
combination either across the load or across the contacts. 
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(c) The most effective protection of all. The contacts are R- 
C ‘quenched’, but the capacitor charges rapidly via the 
diode during the break and discharges via the contacts and 
resistor during make. 


R-C values are obtained from ‘‘R-C Contact Quenching”’. The 
capacitor and diode should have voltage ratings above the 
expected peak voltage. 

Where the load is located some distance from the relay, 
the capacitance of the interconnecting line may cause a sub- 
stantial in-rush current to flow. The relay contacts should 
be rated and protected accordingly. 

In ac circuits, an inductive load will generate a considera- 
ble back-emf if the relay contacts open at the peak of the 
cycle — the back-emf may be thousands of volts! A Varistor 
across the load can absorb this and relay contacts may be 
protected as illustrated in Figure 6. The diodes’ peak reverse 
voltage rating should exceed the ac supply’s peak-to-peak 
value, and the capacitors rated above the ac supply’s peak 
value. Capacitor values should be around 1u per amp 
switched. The resistor should be rated at 1 W or above and 
may be a fairly high value. e.g: 100k or more. 


Simple R-C contact suppression can be effective in low vol- 
tage ac circuits (say, under 50 V) with inductive loads. As 
a guide, the R-C time constant should be similar to that of 
the load (if known), but the load impedance must be substan- 
tially lower than the R-C combination. For this reason, relay 
contacts in loudspeaker protectors have no contact arc 
quenching. 


Relay driving clues 


Relay coil current should be turned on and off abruptly to 
avoid contact ‘’chatter’’ and unstable closure and release 
times. 
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Figure 6. R-C contact arc quenching in ac circuits with 
inductive loads. In these situations, if the contacts close 
when the supply cycle is at or near zero and the increasing 
voltage of the next half wave has the same polarity as the 
inductor’s remanent magnetism, the inductor’s likely to 
saturate, allowing a huge in-rush current that may be 40 
times the steady-state current! Apart from generating 
massive RF interference, such transients can destroy 
contacts and perhaps circuit components attached. 
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In some applications, arc-free switching is called for, 
particularly where a relay must operate in close proximity 
to sensitive RF equipment. This graph (from Siemens data) 
shows limiting voltage/current curves for a variety of 
contact materials. For a given contact material, arcing will 
not occur if the values of both voltage and current being 
switched are both below the limiting line for that material. 
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The Engineer’s Dilemma 


Too many engineers remain slaves to 
time. They still labour countless hours to 
produce schematic designs the old 
fashioned way, using pencil, rubber, 
ruler and template. Many more hours 
are spent developing Net Lists, Lists of 
Materials, Design Check Reports and 
other essential documents. In short, 
they’re overworked and slaves to time. 
And its not getting any better with 
circuits becoming larger and more 
complex. There must be a better way. 


Large CAD Systems — Only 
a partial solution. 


At first, the large Computer Aided 
Design (CAD) system appeared the 
answer. But these, althougn powerful, 
are very expensive, complicated and 
difficult to learn. The $50,000 
standalone CAE workstation isn’t the 
answer either — by the time the engineer 
gets access he's probably forgotten the 
complex commands. 


There must be some way to beat 
the CAD/CAE dilemma. 








SN 


SRS 


The Schematic Design and Documentation System 
that saves valuable time for busy engineers 
... the engineer's personal desktop CAE System. 


FutureNet’s DASH Schematics 
Designer Bridges the Gap. 


Dash is the answer. Now, perfect 
schematics can be created on an IBM 
PC, XT, or AT right at the engineer's desk, 


IBM PC 
AND DASH 


PARTS FLOW CHARTS, 
LIBRARIES PLANS 


DESIGN 
CHECKS 


SCHEMATICS 
PRINT, PLOT 


PIN/NET- 
LISTS 





in a fraction of the time it used to take. 
And that's not all. Since DASH 
automatically captures design data, key 
documents such as Net Lists, Lists of 
Materials, and Design Check Reports 
can be printed at will using DASH post- 
processors. 


DASH 

* reduces the engineer's workload in 
many ways 

* dramatically increases productivity 

* is easy to learn and operate 

* has powerful optional software 


DASH-2 

* aschematic design system which 
adds a new set of mouse-driven editing 
features with software to increase the 
speed and ease of logic and chip level 
design. 


DASH CADAT 

* simulation for chips and PCBs 
DASH-3C 

* adds full colour to the complete range 
of DASH-2 features 


DASH-PCB 


* mainframe PCB layout power, right at 
your desk, on the IBM PC 


So, to let your PC become an electronic draughtsman. 


Call your local Anitech office today, and ask for detail on FutureNet’s DASH system. 


Distributed in Australia by:— 


anitech 


A DIVISION OF THE AN! CORPORATION LTD (INC INNSW 





Productivity of the future ... today. 


ADELAIDE: (08) 356 7333 BRISBANE: (07) 275 1766 HOBART: (002) 34 4511 
MELBOURNE: (03) 7959011 & 7955111 PERTH: (09) 277 7000 & 277 1944 
SYDNEY: (02) 648 1711 & 648 4088 AUCKLAND: (09) 444 2645 
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If you’re employing a transistor current amplifer to drive 
the relay, and require a two-stage circuit to achieve the re- 
quired current amplification, avoid the use of a Darlington 
pair circuit because excessive dissipation results in the in- 
put transistor, which does not saturate. It is better to employ 
an emitter-follower input driving a common emitter stage 
with the relay coil in the collector of this stage. 


Where several, separately activated, relays are employed 
in a circuit sharing a common supply rail, each should have 
one terminal in common. 


Contact closure time can be sped up considerably by the 
simple expedient of connecting a lamp in series with the coil, 
the lamp and relay coil each being rated at half the supply 
voltage. The lamp’s “‘dark”’ resistance is considerably lower 
than its ‘‘on”’ resistance. Thus, the relay coil will be initially 
driven at about 200% of its rated voltage. 


If a relay is located a long way from its driving source, dis- 
tributed capacitance in the wiring to the coil can slow down 
closure and release times. It’s better to place the drive cir- 
cuit as close as physically possible to the relay. 


Dissipating the back-EMF 


Whenever you release the current flowing in a relay coil, the 
collapsing magnetic field generates a voltage across the coil 
terminals that’s proportional to the coil inductance and op- 
posite in polarity to the energising voltage. This is known 
as the ‘‘back-emf’’. In some relays, though rated to operate 
at, say 12 Vdc, the back-emf may be hundreds of volts! If 
you're using a transistor or IC output to switch the relay coil 
current, this will almost certainly have disastrous conse- 
quences. 


National Relays 


Components for advanced technology 


The most common method employed to dissipate the back- 
emf is to connect a diode in the circuit so that it will not con- 
duct during coil energisation, but will conduct when the coil 
is de-energised and generates the back-emf. This is shown 
in the circuit (A), here. 


+ + 
(A) = (8) ~ 


Though widely used, this technique has a drawback in that 
it lengthens the relay release time. If this is important, a bet- 
ter method is shown in circuit (B), here. The zener should 
have a knee voltage some 20-50% greater than the supply vol- 
tage, but less than the transistor’s Vceo rating. @ 
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YCAR MM pounces in d neue F BMV's mount in the same hole. ZZ-8085 6809 CPU 5.00 4.50 4.00 
YCAR our suppor ustralian ina: 3 1.50 1.25 0.95 
YCAR aaa Eon! Henaing: am ZS-9500  6810A RAM 250 200 1.50 
Made campaign we are Resonant Freq.: 32Hz 78-9501 2708 EPROM 
YCaR a stocking quality Mag- Se ee ZS-9502  MC14412 MODEM 0.00 600 500 
YCAR Sensitivity: 95dB ° : 10.00 6.00 5.00 
YCAR navox speakers. Mag- Cat. CW-2110 ei ae Bit Rate Generator ne oe ee 
YGAR MM navox recently under- 89.50 each ZS-9505 4538 Monostable 1100 0.80 0.50 
YCAR took a total change “ ZL-3301  _LM301 Op amp 0.60 0.50 0.40 
YCAR with new owners who are 78-9507 MC14490 Hex CB Eliminat 3:00 1.50 00 
’ ° ’ = @X iminator i : . 
Venn Me Striving to bring you ZS-9508 75451 100 0.80 0.50 
YCAR world class speakers ZC-4528 4528 Multivibrator 0.80 0.50 0.40 
YAM made right here in sas nuscemnover 5 IDO 
YCAR Australia : 
° ZC-4049 4049 Hex inverter 0.80 0.60 0.50 
Veak Over the last few years v ZS-9511 COM2017 VART 2.00 1.80 1.50 
YCAR Il Magnavox have gradually 78-0813 74804 Hox Inverter 050 0:40 0:30 
YCAR fag Deen improving each of ZS-9514  74LS352 (inverting LS153) 1.50 1.00 0.80 
YCAR their drivers and we ZS-9515  96LS02 Input NOR x 4 0.80 0.50 0.40 
YEAR IM can now offer you much S Bao as 949 099 
YCAR fg 2mproved specifications ZS-9518 | MCI 4411 Bit Rate Generator 5.00 4.00 3.00 
YCAR with much higher power Sao : ri 7H (TO-5) 1.00 0.80 0.50 
YCAR ; - 0.50 0.40 0.30 
YM che 8.30 replacement, Zest) JOM IE Race 30 943 Oa 
YCAR . , - 4.00 3.00 2.50 
YCAR the 8MV will now handle 28-0522 oG21 LC Analog switch 1.00 0.80 0.50 
YCAR 100 watts RMS, a far - egulator 1.00 0.80 0.50 
YCAR é ZS-5366 74LS366 0.80 0.50 0.40 
YCAR fmm Cry from the 30 watts e ZS-5005 74LS05 0.50 0.40 0.30 
YCAR RMS of the old version. ZC-4502 4502 1.00 0.80 0.50 
YCAR ZC-4050 4050 0.50 0.40 0.30 
YCAR ZS-9524 78MI2 TO-220 500mA 0.80 0.50 0.40 
YCAR 12MV-012 ; ZS-9525  74L04 Hex inverter 0.50 040 0.30 
YCAR The 12MV is a high power high fidelity ZS-9526 7403 Q 2 input NAND 0.30 0.20 0.15 
woofer utilising a 38mm diameter long 28-9527 = 4521 2.00 1.80 1.50 
YCAR ZS-9528 74145 0.80 0.60 0.50 
throw voice coil wound on an aluminium 
YCAR ; ZS-9529 LM348 1.00 0.80 0.50 
former and high compliance suspension 
YCAR ZS-9530 78L05 Regulator 0.80 0.60 0.50 
with a polyurethane foam roll surround 
YCAR resulting in excellent linearity at ve high 28-9531 74ITC Op amp 0.50 0.40 0.30 
YCAR input powers ry hig ZS-9532 74103x 3 input NAND 0.40 0.30 0.20 
YCAR ZS-9533  7426N 0.30 0.20 0.18 
YCAR Power handling: 100WRMS ZS-5085 74LS85 0.60 0.50 0.40 
ean Frog, Ran ae mabe is gl 78 74LS175 0.70 0.60 0.50 
. Range: - 3000 5273  74LS273 1.50 1.20 1.00 
YAR lage - 96dB 28-5373 748373 | 1.50 1.20 1.00 
. CW- T -9534 8126 2.00 1.50 1.00 
YCAR 
ycaR fi $09.50 each TRANSISTOR SALE 
YCAR 
YCAR Shown below are some ome sly ode et semis. BUY IN BULK AND SAVEII 
YCAR : Prices DE sales tax!) 
YCAR 8 W-02 0 Cat. No Description 1-9 10-99 100+ 
YCAR The 8W Mk 6 Is a high fidelity woofer utilis- ZS-9560 = 2N5415 PNP200V 1A 0.50 040 0.30 
YCAR ing a 25mm diameter long throw voice coil ZT-2297  2N2646 Unijunction 0.80 0.75 0.65 
YCAR [ll wound on an aluminium former and a high ZS-9562 § PN3568 NPN 60V 500mA 0.18 0.12 0.10 
YCAR compliance suspension with a ZS-9653 BD680 PNP 80V 4A 1.00 0.80 0.70 
YCAR lyurethane foam roll surround, resulting ZS-9564 2N5416PNP 300V 1A 0.60 045 0.35 
YCAR m excellent linearity at high power. gies BD650 PNP 100V 8A 150 1.20 1.00 
YCAR eee ae 28-9568 SNE4O PNP 120V 6OOMA 030 020 ONB 
YCAR oq. f= - 2N4092 FET 0.30 0.20 0.18 
Freq. Range: fo - 4000Hz 
YCAR ang ZS-9570  2N2647 Unijunction 0.80 0.75 0.65 
Sensitivity: 96dB 
YCAR t ZS-9571 2N1480 NPN 100V 1.5A 0.30 0.25 0.18 
‘a8 ll $32.50 each 25913 ANSLSsaNCT) PNP ON ee 
3 : NP 80V 1A 0.50 0.40 0.35 
YCAR JU €ac Mi ZS-9574  2N4036 PNP 65V 1A 0.20 0.12 0.05 
YGAR ZS-9575 § 2N4356 PNP 80V 500mA 0.12 0.08 0.05 
YCAR ZS-9576  SE4010 (FAIR) NPN 25V 300mA 0.08 0.05 0.03 
YCAR fa WR- 28-9577 2N398B Ge RMANIUM) 100V 200mA 0.30 0.20 0.15 
YCAR The 8WR Is a\ h R-0. 2 0 ZS-9578 § 2N2905APNP 60V 600mA 0.20 0.10 0.08 
de range 
YCAR driver utilising a 25mm diameter lon ZS-9579 BC 178 TO-18 20V 100mA PNP 0.15 0.10 0.05 
YCAR throw voice coll wound on an aluminium ZS-9580 2N2219NPN 30V 800mA 0.12 0.08 0.05 
YCAR former and a high compliance suspension ZS-9581  PE6021/MPSA06 NPN 80V 500mA 0.15 0.10 0.08 
YCAR with a polyurethane foam roll surround. An ZS-9582 BC177B PNP 45V 100mA 0.15 0.10 0.05 
) e H.F. response by over 1 octave. ae eo 
YCAR 
YEAR fy Power Handing: SOWRMS DIODE SALE 
YCAR Resonant Freq.: 44Hz Shown below are some amazing values in rectifiers and diodes. 
YGCAR Bl as Get in for your chop now! Once again prices INCLUDE sales tax! 
YCAR Cat CE-2338 Cat. No Description 1-9 10-99 100+ 
YCAR ZS-9540  G3010 DO-4 <1000V 6A Rect. 040 0.30 0.20 
YCAR $34 50 eac h ZS-9541 F22 DO-13 200V 2A Rect. 0.10 0.08 0.05 
YCAR " 78-9543 BZX79.R COV2 400mW Ze we 0.10 
= m ener . . ° 
YCAR ZS-9544 BZX79C12400mW 0.30 0.25 0.20 
YCAR . SSX ZS-9545 RP 1020 20A 100V Rect. DO-5 stud 1.50 1.20 1.00 
YCAR The 8JX is a 8" twin cone speaker suitable ZS-9546 ZPD39 39V 500mW Zener 5% 0.20 0.15 0.10 
YCAR for medium power handling applications. ZS-9547 ZPD62 62V 500mW Zener 5% 0.20 0.15 0.10 
YCAR Power Handling: 30WRMS ZS-9548 § ZPD33 33V 500mW Zener 5% 0.20 0.15 0.10 
YCAR Resonant Freq.: 44Hz ZS-9549 2ZPD4747V 500mW Zener 5% 0.20 0.15 0.10 
YCAR MM Soins: = San os-o881  2PD27 27V SOOmW Zener B% 020 O18 O40 
ens ; - m ener 5% . . : 
eee Cat. CE-2333 | 28-9552 BZTOS C62 62V 1.3W Zener. 0.20 0.15 0. 10 
a - iode ; , . 
YCAR fi $26.50 each , — ZS-9554 Zener 22V 5% 10 watt 2:00 1.50 1.00 
ven - O Eero oie Sis 
- 4 . m ener . . . 
YCAR GORE HILL OPEN UNTIL ZS-9557 — 1N5062 800V 1A Diode 0.20 0.15 0.10 
YCAR ZS-9558 | PFZD68 68V Surge Supp Zener 1.00 080 0.60 
vOAR 5 4 p.m. SAT PN =a t=) \ele)\\ U ZS-9559 §_ BAT42 uWave Mixer Diode 1.00 0.80 0.60 
YCAR . 
yCaR| | Jaycar’s advertisements are now produced totally by a 
YCAR computer utilising the lastest in laser technology and —————_silk 
YCAR |: \desk top publishing. i 
YCAR & 
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JAYC, 
JAYC, 
JAYC, 
LARGE PROJECT JANG 
QUARTZ CRYSTAL wave 
CLOCK siecle alee tel BES 
nother box in our range of Kew This fu roved Electricity Authority S S QO 
MOVEMENT par elaghthierr Does, coeney in many unit is ihe utimat Taig raat these ; EN ATI N ® rts 
‘ : . projects. iceal for large projecis. device. It is fitted with a circuit breaker an 
a Mei pen: peclin fymbsttegad A Measuers 305mm wide 150mm deep and VDR's for extra suppression capacity. ANOTHER JAYCAR pres 
i 3V AA battery that lasts for one year * +15 rae te Ew NOE abeD FOR goes through. We h SCOOP BUY = JAYC: 
; »FB- : @ have purchased the entire remainin : 
oo accuracy * 56mm square, 15mm N | meri oly $id - re ted - VDU's ses of the a —. aw Baud © rr 
YS ee. - Videos - cal Equi, modem. The modems are mou JAYC, 
ae we i cee se | Max load 1000 watts 4 amps 250V. the case nor do they ncudeatele || Jaye 
soci. etin aap Nt | TWO OUTLET Cat. MS-4040 phone. The PCB is completely AS- JAYC. 
Hae LED WITH 3 SETS OF SEMBLED AND TESTED with all parts in |} JAYC. 
HA 149.00 place. You only have to connect 240V, JAYC, 
ONLY $ 12 95 OUR OUTLET Cat. MS-4042 your eompulss and a phone line and NG 
ou're awa ' 
ONL oJ . 249.00 [EW FULLY APPROVED. This modem (when || Jayc 
X . ail . $ 9 0 IN mounted in its case) holds Australian JAYC. 
= Telecom approval No. C83/37/1011. Kit JAYC. 
AU C AB LE . deck ble - even one designed Ky Some i 
Jaycar now stock 4mm auto cable, for all with Telecom regulations - are JAYC. 
7 wef weekend car buffs. Perfect for wiring Telecom approved. So why take risks? You |} JAYC. 
im up lights, horns, etc., in cars, trucks, bikes can now have an approved modem for far JAYC. 
“and caravans. less than the price of a kitll JAYC. 
~— Available in 3 colours. Also great for heavy SPECS AND FEATURES JAYC. 
amp and power supply wiring. 28 strands - 300 Baud FULL DUPLEX JAYC. 
each 0.3mm. —- : JAYC, 
YELLOW Cat. WH-3070 n(G\hN) - Answer originate JAYC 
ORANGE Cat. WH-3071 N - Telecom approval C83/37/1011 JAYC. 
WHITE Cat. WH-3072 B U Y . CCITT v.21 ; 4A. 
$18 per 30 metre roll >a - Direct connec 
P = A US TR A L | A N - Double sided plated thru board we 

80¢ metre walle ' - Fully assembled and tested 
JAYC. 
Heatsink Front Panel We only have limited quantities so be JAYC 
This is the special DIECAST panel as rg to avoid disappointment. JAYC 
: poet el new arr ee ati ghee It is at. XC-4810 JAYC 
available separately. It can also be u H JAYC. 
TURN YOUR SURPLUS as ihe SIDES of a 4 unit rack case for Were selling for $299 || 4Avc 
STOCK INTO CASH!! gh-power rack mount FA amps JAYC. 
Jaycar will purchase your surplus Cat. HH-8520 Plas ON L Y $49.50 JAYC 
stocks of components and equipment. O NL Y $4 9. 95 ea ch 44 95. suit Ual. Hb- uve 
We are continually on the lookout for $14. AY 
sources of prime quality merchandise. Illustration shows Cicada modem as JAYC. 
CALL GARY JOHNSTON otiginally sold. Note that the modem of- |} JAYC. 
OR fered is for the assembled and tested JAYC, 
BRUCE ROUTLEY PCB only and does NOT include case or |} JAYC! 
NOW telephone. No other electronic com- rs 
(02) 747 2022 ponents are needed however _ JAYC, 

3 TELE 
PHONE TODAY! a STUNNING 4% COM APPROVED 










BARGAINS 













MEMOREX \\| Nomnain pg Ch 
rai Normally $9.95 7 nis 
512“ DISCS || Now ONLY $4.50 Cat, IE-8990 10,0000F 16Y ax electro Ay 
Quality discs in a handsome plastic P&P 50¢ Cat. RZ-6690 15uF/20V axial mil. grade tant. aYC. 
Sinks Sid d Double D it Supplied folded 1-9 $1.50 10 up $1 20 q Ve 
ing:s =1eee Doubre werey Cat. RZ-6691 22uF/35V axial mil. ae 
Box 10 YoPRICE 198175 10up$150 o 


Cat. XC-4751 $27.95 
(includes box worth $4.95) 


Double Sided Double Density - 


gee $29.95 


(includes box worth $4.95) ees apa 
Storage boxes on their own || ©2t- BF-9220 


Cat. XC-4758 ceeenrae 
$4.95 » NeW 





Cat. RZ-6692 47uF/35V axial mil grade tant. Sas —_— i{ JAYC. 
1-9 $2.25 10 up $1.75 eo _— 
REMEMBER! The tantalums are -25 +125°C. 
Hermetically sealed metal can types - not 
cheap dipped resin. 
- C-39003 


This is a full colour poster measuring 
760(w) x 575(h)mm and is a full map of 
the famous Silicon Valley area south of 
San Francisco. The poster is full of cartoon 
characters and statements. You could 
stand in front of it for an hour and not take 
it all in. It is printed on very heavy art 




























out GOT A SWEET 
| TOOTH? 


All Jaycar’s stores now have a jar 
full of lollies on the counter for 
customers to help themselves while 
they wait to be served. 

Judging by your reactions so far 
we think it’s a good move, so have 


TOP VALUE | a lolly on us ~ 
b 4 . 2. P 
, bS , 


SCART PLUG 


This new addition to our plug range is 
being used more in video and computer 


‘Universal TO-3 | aileesio "cw 
Transistor ONLY $4.75 
Mounting Bracket = 


| Mounts 4 x TO-3 devices on pre-punched 
| heavy duty right angle bracket. Hole pat- 


INCREASES 


As a result of the continuing 
depreciation of the $A prices of 
many goods have inevitably risen. 
We notice that some competitors 
have increased their prices already. 
We wish to ensure our customers 
that Jaycar will only increase prices 
as cost increases are forced upon 






us. 
We are not here to rip you off. 


PENLIGHT NiCads 


Don't keep wasting money buying 
throwaway batteries - step up to recharge- 


, able NiCads. 
SUPERB 


“ROCKET” BRAND 


AA PENLIGHT 450mAh 
Cat. SB-2452 












tern conforms to most popular PCB 
designs for amp kits. 


Cat. HH-8500 $2.95 each 
VALUE $2.50 SPECIAL 4 for $10 


JAYC. 
JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAH JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR J . 
JAYCAR JAYGAR JAYGAR JAYCAR JAYGAR JAYCAR JAYCAR JAYGAR JAYCAR JAYCAR JAYGAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYGAR JAYGAR JAYGAR JAYCAR JAYG. 


PARSER APR 1 




















Ref: ETI July 1986 
Supplied without Commodore 
edge connector. 

Cat. KE-4722 


$14.95 


Ref: EA August 1986 
Incorporates two sensors and utilizes 
a piezo screamer inside car. 

Cat. KA-1675 

SHORT FORM 


$32.50 


Includes Piezo 


See EA Sept 1986 
A simple sensor system to prevent the car 
ignition being turned off before the Turbo 
unit has cooled down (approx. 90 
seconds). A must for those with turbo 
charged cars. 


Cat. KA-1679 


$29.95 





‘Pe® JAYCAR No.1 FOR HI FLKIT 





(008) 022 888 


FOR ORDERS ONLY 
(02) 747 1888 











Ref: EA June 1986 
Cat. KA-1672 


$55.00 


See ETI October 1986 


If you are bothered by annoying or 
obscene Calls, hit the button and the caller 
will be deafened by a loud scream. Makes 
a nice gift for the woman who is perhaps 
on her own. 

Cat. KE-4726 


$24.95 


Double Adaptor $7.50 


See ETI Sept. 1986 
Avariable control using diodes. No 
transformer required, soldering iron con- 
nects through this to power outlet. Simple 
to install. 

Cat. KE-4725 


ONLY $25.00 





High che low priced stereo amplifier | 
from Electronics Australia. 





AYCAR No.1 FOR NEW KIT 


Ref: EA June 1986 


Supplied without plate and epoxy. 
Cat. KA-1670 


$14.99 


See EA October 1986 

The two previous electric fence projects have 
been very popular. This high power version is 
for those big jobs. Works well in conditions 
where there is a lot of wet grass near fence. 
Cat. KA-1678 


$229 





- 240W RMS (total) into 8 
ohms!! 

- 80,000 uF power supply 
filtering! 

- 2x 300VA Toroids 

- Massive diecast heatsink 
front panel 

- Speaker protection 

- Power amp status 


monitor circuit 

Here it Is at last, the ULTIMATE Hi Fi Mos- 
fet power amp. David Tillbrook's latest 
creation of genius. This massive power 
ve is likely to set the standard for other 
Hi Fi amps to reach. 

In keeping with the quality design the 
Jaycar kit is faithful to the final Prom ypes. 
We commissioned a special DIE CAST 
heatsink front panel 1 oar for the 
project which is exclusive to Jaycar. The 


prepunched rugged metal cabinet is as per 


the design. We are totally confident that 
you will be delighted with this kit, which is 
absolutely complete! 

Cat. KM-3032 


P.0.A. 
















ETl 142 


Cat. KE-4720 


$119.00 





Ref: ET! August 1986 

This module can be used on its own 
or in gangs as effects units 

and also in synchronous sweep effects 


Cat. KE-4724 $ 23. 50 





This new Vifa/EA speaker kit is especially 
designed for use with the new Playmaster 
60+60 amplifier. The kit includes 8" 
woofers, dome tweeters, crossovers and 
cabinets. Sealed box design of 15 litres 
volume. Great ety speakers at a 
dd affordable price. 60 watts rms han- 
ing. 
See EA Sept. 1986 


ONLY $449 


Cat. CS-2470 
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JAYCAI 

we 

INTELLIGENT MODEM “RAILMASTER” JAYCA 

| ETI 684 PULSE-POWER TRAIN | JAYCA 

CONTROLLER si |p JAYCA’ 

See ETI June, July, August 1986 Ref: EA September 1984 JAYCA 

The Ultimate Modem al af clad shagnl train controller of- JAYCA 

. ering tremendous features: JAYCA 

Features: duplex INTRODUCTORY - Variable simulated inertia JAYCA 

¢ V23 1200/75 half duplex OFFER - Full short circuit protection in- JAYCA 

¢ Automatic baud rate selection on cluding both audible and visual nes 

em oo indicators JAYGA 
¢ ic} 

like Bell 103 and other 600/600 and FOR $419 srs iy al ft a Jo double and JAYCA 

) xed 12V DC and 18V AC power JAYCA 

r 

© intelligent auto answer for lighting and accessories JAYCA 

¢ Intelligent auto dialling ¢ Optional walk-around throttle | ven 

¢ Fully software driven Cat. KA-1560 pes Le ai ven 


@ 48K RAM buffer 
@ Cassette interface under 


et nt a rie 












Viatel standard control 

¢ Software controlled loudspeaking dS Mr ala Controller JAYCA 
¢ Responds to industry standard a Z hey 
fag diet df by both $11.95 JAYCA 

¢ Especially tailored for use by bo ; ; 
srofessional aid hobby users. bgt coun Simulator LANE 
MODEM $379.50 eg NAYCA 
Cat. KE-4716 $ $22.50 SAYCA 
POWER Steam Sound Simulator JAYCA 

Cat. KA- 

SUPPLY $49.95 JAYCA 
Cat. KE-4715 $ $22.50 JAYCA 
JAYCA 
JAYCA 
ae 
ETI 467 MIXER 8 CHANNEL AUDIO YETI 480 SERIES = \J uaa 



















PREAMP MIXER es) AMP MODULES = |] ike 








Ror eye Oe a JA A stent Ref: ETI Dec 1976 JAYCA 
Ideal companion for power amp modules. alanced input/output 8 channel mixer ’ . JAYCA 
Mixes up to 4 inputs (high and low level) {with features found in units costing well & ETT's 30 Audio Projects JAYCA 
with individual level controls. High perfor- over $2,000I! ETI 480/100 JAYCA 
mance 3 band tone controls. Kit comes MAIN FEATURES: Balanced (600 ohm) Acomplete audio amplifier on a single JAYCA 


mic inputs/ine inputs * Input attenuators « 
Cannon connectors included in the price » 
Bass, mid and treble equalisation on each 
input * “effects” i.e. echo, etc capability « 


board. Just add a power supply and you'll JAYCA 
have a Hi Fi, musical instrument or PA 
amp! Use it with the KE-4014 JAYCA 
Mixer/Preamp. 


complete with case. Operates from 2 x 
15V AC (use power amp supply or Cat. 
MM-2008 transformer). 

For full specifications check Jaycar's 1986 





















Catalogue. . Foldback on all 8 inputs * Stereo pan on all P : i JAYCA 
Cat. KE-4014 8 inputs 60mm slide faders used , Se ee ae 
throughout » 19" rack mount capability (or Cat. KE-4052 JAYCA 

J U S T $3 7. 50 seat mount ed eral black front ON LY $ 2 9 5 0 ny 
panel with format borders and multi- JAYCF 

CCQ coloured knobs to assist function indentifi- 7 JAYC/ 

cation * Designed for quick and easy ser- ETI 480/50 JAYCF 

vice + VU metering Only high quality A TOP CLA SS Same circuit as above less one output JAYC? 

rich sacle ric . ea el a used A U D transistor. Great if you don't need 100 evap 

very low distortion. - i 
Cat. KJ-6504 : IO KIT area ead JAYG? 















ONLY $25.00 


Tee transformer 28-0-28V @ 






ONLY $595 FROM JAYCAR 












Cat. MF-1095 $34.50 


LOW COST 30 + 30 WATT 









































INFRA RED Speech STEREO AMP \J cares ee 
REMOTE CONTROL INCLUDING JAYGS 
SYSTEM Synthesiser PREAMPLIFIER TAYe? 


for your computer 
AEM 4504 


" & Fully built and tested # Separate bass, 
treble, balance and volume controls # 
Less than 0.1% distortion # Mic, phono 


The system comprises two basic com- 
ponents; the handheld transmitter and the 
receiver. The handheld transmitter is sup- 



























































plied in an attractive eon case and is Ref: AEM February 1986 and ert | aps une) 4 Power supply JAYS) 
powered by a SV battery. It has a range of . components onboar AYC. 
approximately 10 metres. Ye saad Helse hep Jetset cose Back again! No hassle amplifier. Just con- JAYC. 
The receiver consists of a circuit board 64, VIC20 or Microbee. nect toa transformer, speakers and signal JAYC. 
measuring 110(L) x 55(W)mm and re- The kit consists of PCB and all board - then you're away! JAYC. 
quires 9 - 12V DC. Both units use a components specified in the AEM project. Cat. AA-0300 JAYC, 
proprietary Hitachi encoder/decoder IC set Cat. KM-3042 JAYC. 
to preclude false Iriggering by daylight, J U ST $ 3 9 9 5 ONL Y $49, 95 iy JAYC. 
sparks, flashes, etc 

The receiver output is by relay with N.O. or ; . ana re _ vk 1 

N.C. output. The relay is NOT 240V AC ¥ 

mains rated but will switch considerable 


$19.50 
DC loads i.e. 5 amp (resistive) at 12 - 24V ast 
or up to 100V AC. An on-board switch 
configures the unit to either operate only 
while the transmitter switch is held ‘on’ or. 
alternatively in latch mode i.e. press 
transmit button and switch ‘on’, press 
again to switch ‘off’. 
P.S. It also works as an event counter. 


Cat AOS ONLY $42.95 


SHOWROOMS 


SYDNEY 117 York St. (02) 267 1614 
Mon - Fri 8.30 am - 5.30 pm 
Thurs until 8.30 pm. Sat 9 am - 12 noon 


CARLINGFORD (Cnr Carlingford & Pennant Hills Rd. 
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(02) 872 4444. Mon - Fri 9 am - 5.30 pm 
Thurs until 8.30 pm. Sat 9 am - 12 noon ELECTRONICS 
INCORPORATING ELECTR 
CONCORD 115 Parramatta Rd. (02) 745 3077 QLD. BURANDA 144 Lo sel [3 i wer 
Mon - Fri 8.30 am - 5.30 pm only Mon - ce O am - 6.30 pm y 
HURSTVILLE — peep ae (02) 570 7000 Thurs until 8.30 pm. Sat9am-12 noon 4 POST & PACKING 
on - Fri 9 am - 5.30 pm 
Thurs until 8.30 pm. Sat 9 am - 12 noon ne OTrIee ce Dae Bd MAIL ORDERS $5 - $9.99 $ 2.00 
Jee nik on oncor P.O. Box 185 Concord 2137. $10- $2499 $ 3.75 
; acific Hwy (Cnr Bellevue Ave) (02) 747 2022. Telex 72293 (02) 747 1888 HOTLINE $25 - $4999 $ 450 
« ai sas ee Mon - Fri 9 am - 5.30 pm (008) 022 888 TOLLFREE $50-$9999 $ 650 
at 9am - 4 pm ROAD FREIGHT ANYWHERE IN AUSTRALIA $13.50 FOR ORDERS ONLY OVER $100 $10.00 
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CONSUMER ELECTRONICS NEWS 





Technics ‘digital’ piano 
simulates ‘real’ instrument 


deen has released an electronic piano featuring digi- 
tal PCM (pulse-code modulated) technology that is 
claimed to faithfully reproduce the acoustic resonance, 
timbre and touch of a ‘real’ piano. 


Dubbed the PX1, it is the top 
of the line in a new range of PX- 
series keyboard instruments 
from Technics. The key ham- 
mer action mechanism of the 
PX1 closely resembles the ac- 
tual hammer action of acoustic 
pianos. 

The keyboard is made of 
wood to give it that ‘classical 
feel’, and it employs opto- 
electronic key touch sensing 
which provides for the inclu- 
sion of attack response dy- 
namics. 

The complex harmonic struc- 
ture of the traditional piano 
sound is closely matched by 
Technics’ digital PCM sound 
generating system which em- 
ploys digitized sounds from an 
original instrument stored in a 
ROM. 

The PX1 incorporates a two- 
channel play sequencer that al- 
lows you to record and play 
back you own performance as 
well as a variety of other perfor- 
mances. You can record com- 
plex pieces at a slow pace and 
replay at the required speed. 

So far as effects go, you can 
choose two piano sounds, two 
electric piano sounds, plus 
harpsichord and clavichord. A 
three-band equaliser permits 
fine-tuning of the mid-range 
sound (500 Hz to 4 kHz). In ad- 
dition, you can add chorus and 
tremolo with variable depth and 
rate. 

Four tuning modes provide 
fundamental, equal tempera- 
ment and what is described as 


Acoustic piano 
(full concert) 







ii, €— Basic frequency 





AMPUTUDE 


FREQUENCY(Hz) 


Technics PX] 





4000 6000 8000 
FREQUENCY(Hz) 


“‘Werckmiester technique, no. 1 
and no. 3’. As you’d expect, a 
MIDI interface is standard. 


An optional digital disk 
recorder, the SY-FD5, can be at- 
tached for recording perfor- 
mances or compositions too 
long to store in the play se- 
quencer. In short mode, 10 or 20 
short tunes may be stored, while 
in professional mode, one or 
two long tunes are accom- 
modated. 

There are four models in the 
PX range, from the top-line 
88-key PX1, through the PX9 
and PX7 to the 76-key PX5. Fur- 
ther details from your local 
music store or National Tech- 
nics, 95-99 Epping Rd, North 
Ryde 2113 NSW. 

(02)887 5314. 





Big Mac in 
Danish opening 


Gcancinavian audio import- 
er, Scan Audio, appointed 
well-known industry identity 
John McTavish as_ state 
manager for NSW and ACT in 
August. 

John’s career in hi-fi goes back 
almost 22 years and spans most 
facets of the industry, from tech- 
nician to salesman, profession- 
al musician to designer. 

Following several years in re- 
tail, John returns to his 
preferred field, wholesale. His 
brief is to represent and pro- 
mote Scan Audio’s range of 
Danish hi-fi products — Jamo, 
Ortofon, Scan-Speak, Vifa and 
Dynaudio. You can reach John 
McTavish on (02)871 2854. 


Be BS 







Special on video 
stereo sound 
synthesiser 


A special discount of 40% is 
offered on the MF] Enter- 
prises MFJ-1501 stereo sound 
synthesisers this month, avail- 
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able from GFS Electronic Im- 
ports in Melbourne. 

Normally $399, they’re cur- 
rently discounted to $239. The 
ac adaptor for it costs $35, and 
post & packing costs $14 where 
applicable. 

The MFJ-1501 is ideal where 
you can’t justify the outlay ona 
stereo TV or VCR, GFS say. It 
simply hooks up between the 
aduio outlet or speaker of a TV 
and the auxilliary stereo input 
of your stereo system. 

Contact GFS Electronic Im- 
ports, 17 McKeon Rd, Mitcham 
3132 Vic. (03)873 3777. & 





Consumer electronics 





fights back 


Roger Harrison 


The eighth Perth Electronic Show this year saw the industry with set 
jaws, tight belts, tough attitudes and determined optimism - all set 
to battle for that ever more elusive creature, Mr & Mrs Public’s 
expendable income. But that didn’t dampen the traditional hype 
and the hustle that characterises the largest consumer electronics 


show in the southern hemisphere. 


IF TRAVEL is an education, then four pilgrimages to Perth 
in four successive years must rate me a university degree! 
Mind you, I’m not entirely sure what I’ve learned althoghter 
(well, I’ve learned a few things, but I’m not sure I should 
divulge them here). If I’ve learned anything, it’s that the in- 
dustry is not short of innovative ideas to keep a product line 
selling. the concommitant to that is, this year’s new product 
— however ‘state of the art’ it may be — always has a lot of 
room left for further development (deliberately)! 

Witness video and VCR Developments over the past four 
years. In 1983, Akai introduced the first two-speed VCR. At 
the ’83 Perth Show, most of the major VCR makers followed 
suit and launched two-speed machines for release late-’83 
early-’84. At the ’84 show, it was stereo hi-fi video. In ’85 Sony 
debuted 8 mm video and its ‘‘Super Beta’’ VCR, while Na- 
tional and Akai quietly fielded surround sound VCRs. The 
latter proved a pre-cursor for VCR Developments, for this 
year the surround sound processor was BIG. And JVC 
launched their counterattack on 8 mm video in the PAL mar- 
ket with their first VHS-C ‘‘VideoMovie’’. ) 

The 1983 show was the “‘year of the digital disc’, and Aus- 
tralia shot to third in the world in consumption of imported 
CD players in early ’84. The ’84 show saw model prolifera- 
tion and reformulation and a distinct change to horizontal 
disc transports by most manufacturers. In ’85, ‘‘audiophile’”’ 
CD players arose, featuring over-sampling, separate channel 
decoding, superior tracking performance and more sophisti- 
cated track selection facilities. This year Accuphase went 
“over the top” with a two-unit CD player that will sell here 
for a tad under $10,000! 

Well, this year, the manufacturers and marketers dragged 
out as many of those ‘marketing innovations’ as could be 
mustered, for there was little really new in product or product 
changes. Last year we saw released portable CD players, 
8 mm video and Super Beta. This year, once again, the 
primary consumer drawcards were CD And video, but “‘sur- 
round sound” video probably represented the only really new 
consumer product line. 


The video hots 

As Malcolm Godfinch told us last month, the war is on be- 
tween the 8 mm and VHS-C ‘camps’. Chief combatants are 
Sony and JVC, respectively. Sony hired a pavilion of their 








JVCs new GR-7CEA VHS-C camcorder leads the VHS 
camp’s fight against 8 mm video. It was a popular item at 
the show. 


own this year, while JVC dominated one of the main walk- 
ways in the show’s largest pavilion with an open-plan stand 
and a team of disco dancers to attract attention. Focus of that 
attention was their GR-C7EA VideoMovie VHS-C camcord- 
er weighing just 1.4 kg and featuring 60 minutes continuous 
recording, a CCD pickup device, HQ picture improvement 
circuity, auto-focus, full auto-colour tracking for white 
balance and a6x power zoom lens. It can be held and oper- 
ated in one hand. Their hands-on display centre was always 
busy. 

Philips and Akai also showed VHS-C camcorders, while 
national and Hitachi made a strong showing with new model > 


Kenwood’s surround sound processor 
features four channel output and 
uncomplicated operation. 
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ne 16-bit CD player, the CD-650, features 
remote control and favoured track selection. 





camcorders employing the full-size VHS cassette. 

Sony, not to be outdone, had an impressive hands-on dis- 
play featuring both the 8 mm V8-AF and Handycam camcord- 
ers as well as their conventional Beta models. Featured this 
year was their MPK-M8 Sports Pack for the Handycam, 
aimed at the outdoors/underwater enthusiast. 

It seems there’s the glimmer of a TV ‘renaissance’ under- 
way, but nobody apart from NEC and Philips made a big deal 
of it. ““Flat-square’’ screens lead the way here, with most of 
the big names introducing models with barely curved screens 
and squared corners (hence the name) — with the claimed 
advantages of wider viewing angle and reduced picture dis- 
tortion. NEC Showed a big-screen TV featuring PIP & 
“‘picture-in-picture’’. In one corner of the screen, you can dis- 
play another small image from your VCR or another chan- 
nel. Just the thing for “‘channel hoppers”’! 

I questioned a few company executives about high defini- 
tion TV (HDTV), which is a hot topic of discussion in Eu- 
rope and Japan at present. All agreed it would bring a massive 
revolution to all phases of the TV industry — in manufactur- 
ing, production and broadcasting — but it looks to be a fair 
way Off yet. 

Surround sound add-on processors for VCRs are tipped to 
lead to the “‘home cinema’’. Surround sound processors are 
meant to link your hi-fi and your TV/video to create an audio- 
video entertainment centre in the home. Kenwood, Akai, Pi- 
oneer, Luxman, NEC, Nakamichi and Yamaha all had equip- 
ment on-show. NEC and Yamaha brought out the ‘big guns’ 
— demonstrating the concept with Rambo tapes that made 
you really feel those choppers flew overhead from behind 
you! 

Yamaha’s processor can be added to any audio system and 
features an ‘ambience selector’ which allows you to ex- 
perience Rambo in St Paul’s cathedral, for instance (the chop- 
pers come down from the dome!) 

There are three basic system types: the ‘rear ambience’ type 
with small rear speakers, the more sophisticated Dolby type 
which requries an extra two-channel amp and two speakers, 
and the special multi-channel extravaganzas with six-channel 
output. The latter type employ the two front speakers in stan- 
dard stereo format, a centre-format speaker to be placed 
beneath or near the screen to provide a ‘centre focus’ and 
the other channel to feed side and rear amps and speakers. 

Yamaha’s processor provides selectable digital delay 
characteristics, stored in ROM, for the extraneous channels. 
To do this they measured the acoustic characteristics of var- 
ious famous venues around the world and stored them in 
ROM. Innovative! I must say Yamaha’s demonstrations 
proved the most exciting at the show. 

Show-stopper of the video displays, though, was Philips’ 
‘“Vidi-wall’’, a two metre high by over two-and-a-half metre 
wide display of screens that had the audience transfixed like 
so many stunned mullets, showing a phenomenal range of 
effects with various action scenes — including a roller coaster 
ride that had them swaying on the dips and corners! 

Just a touch of the future to round up; Sony showed a TV 
with integral VCR at their industry seminar session this year, 
just launched on the Japanese domestic market and in the 





US, which is NTSC Standard. A PAL version won't be along 
for a while, but it’s in the pipeline. The one they showed the 
press and industry reps weighed some 70 kg! Definitely a 
loungeroom-only item. 


CD reaches the upper atmosphere 


Compact disc players got bigger and smaller this year! At the 
‘bottom’ end, Sony’s Discman comes in an even smaller size 
this year as it now uses the smaller AA Cells and they’ve 
‘“‘shaved”’ the housing and innards. Technics were not to be 
outdone, either. They launched a tiny new portable against 
the Sony. Technics’ SL-XP7 is just 12.5 cm wide that boasts 
and anti-mistracking mechanism that is said to prevent the 
player skipping tracks while it’s being toted around, just like 
the others claim. 

At the upper atmosphere end of the market, Hal Wallis’s 
Alberts Hi-Fi launced the Accuphase two-component CD 
with a starting price just under ten big ones. It comprises 
the DP-80 transport and DC-81 ‘precision’ digital processor. 
They are coupled via a fibre optic link said to totally isolate 
the units and eliminate external interference. The processor, 
for reasons best known to Accuphase, features discrete cir- 
cuitry for its dual 16-bit digital-to-analouge converters with 
121-stage oversampling filters. I guess that, at the price, you’d 
hear the difference anyway! 

Pioneer showed their six-pack CD player (previewed by 
Dennis Lingane in our May issue), while Philips had a new 
range of 16-bit units. Top of the range is their CD-650 remote 
controlplayer, featuring “favoured track selection” which has 
received good reviews overseas to date. 

Kenwood showed a car CD System where all the bulky elec- 
tronics mounts in your boot, with a small control module to 
go on or in your dash or console. Sony also showed a car 
CD with boot-mounting electronics that features a 10-disc 
pack — which should provide enough music for most of those 
long interstate trips. Boot-mounted CD seems a definite trend. 


For the audiophiles 


Convoy’s Geoff Mathews never fails to put on a well present- 
ed audio demonstration at the Perth Show. This year he 
teamed Nakamichi’s new preamp and power amp (plus Nak’s 
top-line CD, of course) with B&W’s new Matrix line of speak- 
ers. I was priviliged to a private session early one morning 
and, listening to some familiar material on CD, it literally 
made my hair stand on end! 

Mike Henriksen of Scan Audio had his range of Vifa kit 
speakers on demonstration, along with his other lines of Dan- 
ish speakers (Jamo, Scan-Speak) in a small pavilion located 
well away from the “‘main din’’. As he’s just gained the Or- 
tofon agency, Ortofon cartridges featured prominently — the 
vinyl record is not yet dead. Apparently, top-end record turnt- 
ables, arms and cartridges are enjoying a boom at present 
with audiophiles stocking up so they can play their LPs in 
ten yers by which time CD (and maybe DAT) is slated to have 
killed it as LP’s killed 78s. 

Interdyn released some new Luxman amps, including a 
new model “‘Brid’’, a hybrid valve/MOSFET integrated amp, 
while Marantz, Kenwood and Pioneer had new models too. 


Prices 


Big topic of discussion behind the scenes was prices. With 
the Aussie dollar under 100 Yen, prices are set to hike sub- 
stantially once current inventory is cleared — 40% was the 
figure generally bandied about. The message is, buy now. 

However, some companies, have been buying inventory at 
100 yen to the dollar since earlier this year and will largely 
maintain their prices. The country is overstocked on some 
items we hear, CD players in particular, and some stock sell- 
outs may appear at year’s end. _ to page 84 
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Siemens new power 
transistors are a boon 
for designers. 


By using SIPMOS® power transistors, 
you can develop systems with 
smaller, lighter power supplies. 
And which are more 
economical and reliable. 
Furthermore, SIPMOS 4 
transistors are extremely | 
fast switching andeasyto | 
parallel, with no secondary | 
breakdown. 

Most importantly, these 
advanced features increase the 
design possibilities for switch mode 
power supplies, asynchronous motor 
controls, audio amplifiers, 

DC convertors, proximity switches 
and inverters. 

Innovative SIPMOS components 
arise from discoveries at the very 
forefront of technology. 





The range includes: 

[} P channel and N channel. 

L1 Small signal transistors including 
surface mount types. 

LJ FRED FETS with fast recovery 
reverse diode. 

[11 SMART FETS. 


And other superior SIPMOS 
components are currently being 
developed by Siemens higher 
technology. 


Siemens Ltd. 

544 Church Street, Richmond, Vic. 

Melbourne: (03) 420 7318 Sydney: (02) 436 8730 
Brisbane: (07) 369 9666 Perth: (09) 362 0123 


New South Wales: Nexus Electronics Pty. Ltd. 
(02) 439 5800 

Promark Electronics Pty. Ltd. (02) 439 6477 
South Australia: Auslec (08) 269 1688 


For more information, contact your 
nearest Siemens Office. 


Distributors 
Victoria: Promark Electronics (Vic) (03) 878 1255 
Queensland: ECQ Electronics (07) 376 5677 


Siemens. A higher technology 


Protronics Pty. Ltd. (08) 212 3111 
Western Australia: Reserve Electronics 
(09) 328 9755 
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a ERIAL 
_DIGITIZER 


Have you ever wished if were possible to read analogue 
voltages on your computer while sighing in dismay at 
the intricacies of bus connecting the design of your 


choice? 


This design of an eight-channel analogue-to-digital 

converter board goes round the hardware problems by 
utilizing the computers serial VO port and so becomes a 
universal unit for straightforward incorporation in almost 
any type of computer system. 


It is perfectly understandable that 
many users of home computers are 


hesitant about embarking on wiring 


peripheral equipment direct to the 
internal bus configuration of their 
expensive computer. Most expan- 
sion boards therefore employ the 
parallel (Centronics) port for com- 
munication with the computer. How- 
ever, when a printer has already 
been hooked up to this outlet, inter- 
facing becomes a problem in many 
cases. 


For less obvious reasons, the serial 


communication capability of the 
home computer’s RS232 port is often 
disregarded as a means for two-way 
communication with peripherals 
other than modems. 

In the case of the digitizer described 


here, the computer first sends a 3-bit 
channel selection code over the 
serial port, then awaits the byte 
representing the analogue voltage 
level at the relevant input channel. 
Handshaking and special command 
codes may be dispensed with 
altogether; input and output data 
suffice. 

The 3-bit output code from the com- 
puter enables selection of one of 
eight (2°) identical analogue input 
sections, each of which comprises 
its own attenuator and amplifier, 
ensuring the correct handling of a 
wide span of input voltages. 

If, for example, the voltage at chan- 
nel 4 is to be read into the computer, 
binary code 3 should be sent to the 
digitizer, which promptly responds 


Technical characteristics of 

serial digitizer: 

@ 1 up to 8 multiplexed analogue 
channels. . 

@ Conversion time < 0.5 ms. 

@ Variable reference voltage 
(4 V max.). 

@ 1 up to 8 separate measuring 
amplifiers (8 V max.), each with 
offset compensation and variable 
gain. 

@ Serial |/O communication 
(150. . .9600 baud). 

@ Option for use of handshaking 
signals (RS232). 

@ 5 bits remain available for 
switching purposes. 

@ Modular construction allows 
easy expansion. 
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Fig. 1. Circuit 
diagram of the 
serial I/O and 
analogue-to- 
digital converter 
sections as part 
of the universal 
eight-channel 
digitizer. Note 
that all inte- 
grated circuits 
are complemen- 
tary metal oxide 
silicon (CMOS) 
types ensuring 
low power con- 
sumption and a 
high degree of 
noise ummunity. 
Consult the parts 
list for possible 
UART types 
other than the 
RCA CDPI854. 


Table |. Simply 
select the rel- 
evant strap for 
the desired 
serial trans- 
mission speed 
(baudrate) 
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* see text 
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Output | Rclock | baudrate | strap 


| as _|153.6| 9600 | x-a_ 
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by returning the converted databyte 
over the same RS232 port (note that, 
by convention, the code to a channel 
is always one less than the channel 
number, eg. code @ selects channel 


I). 


Serial VO and 


vollage 
conversion 
With reference to the circuit 


diagram shown in Fig. 1, it is seen 
that IC3 functions as a crystal-con- 
trolled baud rate generator supply- 
ing seven strap-selectable transmit & 
receive clock frequencies of 16 
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times the requisite baud rate. Con- 
sult Table | to find which strap you 
need to have computer and digitizer 
listen and talk” at the desired baud 
rate. 

Universal asynchronous receiver/ 
transmitter (UART) IC2 receives 
serial data from the computer at the 
SDI (serial data in) terminal and out- 
puts the equivalent 8-bit word in 
parallel form at its three-state 
receiver bus (Rbus) outputs Do... Dz. 
Timed by Rclock, incoming serial 
databits are internally shifted into the 
receiver register. On completion of 
receipt, DA (data available) goes 


high, flagging the presence of stable 
data on the Rbus datalines. Data will 


remain latched until DAR (data 
available reset) is pulsed low, 


whereafter a new word may be 
shifted into the receiver register. 
Transmission, i.e. conversion of an 
8-bit word at the Tbus datalines into 
a serial pulse train, commences after 
THRL (transmitter holding register 
load) has been pulsed low. Timed by 
Tclock, data is shifted out of the 
transmitter register and output as a 
pulse train at the SDO (serial data 
out) terminal. Since terminals Rclock 
and Tclock have been connected in 
the present design, serial input and 
output run at the same speed. 

In order to detail the operation of the 
circuit shown in Fig. 1, it is assumed 
that computer and digitizer have 
been set to operate at, say, 4800 baud 
(baud rate strap b on the digitizer 
board), and that the voltage at chan- 
nel 3 is to be measured and con- 
verted (digitized) for processing in 
the computer system. 

To begin with, the computer’s RS232 
port should be programmed to send 
binary code 2. Upon receipt of the 
pulse train, IC2 outputs 0000 0010 
(D7...De) at its Rbus terminals, and 
DA is activated. Monostable MMV; is 
triggered with the rising edge of the 
_ DA pulse and supplies analogue-to- 
digital converter (ADC) IC: with a 
correctly timed ALE (address latch 
enable) pulse in order that the chan- 
nel code can be loaded from the A B 
C address inputs. Output Q of MMV: 
is used to activate DAR and trigger 
monostable MMV2, which supplies 
IC; with a STRT (start of conversion) 
pulse after a period determined with 
timing parts Rz and Cz. 

IC: is a high precision, 8-bit CMOS 
ADC featuring an internal eight- 
channel input multiplexer ad- 
dressed over the A B C inputs. If 
code 2 is sent, therefore, the voltage 
at pin 28 is selected and internally 
routed to the ADC proper. Next, 
STRT is activated, causing the 
conversion process based on suc- 
cessive approximation to be started. 
The conversion process runs under 
control of pulses applied to CLK, 
which, as is seen from the circuit 
diagram, is connected to the baud 
rate generator Q3 output toggling at 
2457.6/24 = 153.6 kHz. 

After a conversion time of about 
0.5 ms, the digital equivalent of the 
input voltage to pin 28 becomes 
available at the Do...D7 outputs of 
IC:, which activates EOC (end of 
conversion) and so causes the UART 
to latch the 8-bit word at its Tbus 
datalines for serial transmission over 
SDO and therefrom over the TXD 
driver composed of R7, Rs and Ts. 
Components R3 and Cs cause all 
UART registers to be cleared and 
output bistables to be reset at power- 
on. 

The Type CDP1854 UART, finally, is 


an all-CMOS equivalent of the well- 
known Types AY-3-1015 and TR6402, 
which may also be used in the pro- 
posed circuit. 


Optional 
handshaking 


To put things right from the start: the 
computer TXD line should be con- 
nected to the digitizer RCD input, 
and the computer RXD input to the 
digitizer TXD output. 

Provided the computer is not too 
slow in handling serial I/O data, and 
that it can be set to work without the 
need for any particular RS232 port 
input pins to be hard wired to RS232 
supply lines, a three-wire setup, ie. 
TXD, RXD and ground, should work 
satisfactorily at relatively low baud 
rates. If not in use, RTS (request to 
send) and CTS (clear to send) con- 


M: multiturn 


transmitter 


nections on the digitizer may be left 
vacant. 

With reference to Fig. | it is seen that 
the EOC pulse from IC; drives T: 
and thus causes the computer to be 
notified, by means of RTS, that con- 
verted data is available on the Tbus 
datalines. However, these data can 
not be strobed into the UART until 
THRL goes low, ie., when the com- 
puter signals its readiness to receive 
data by driving CTS high, causing 
diode OR gate Dz2-Ds; to pass a low to 
high transition to THRL, whereby the 
section in [C2 is 
prompted to start parallel latching 








and serial shifting of output bits. 


Eight analogue 
voltages 


The circuit diagram of one of eight 
identical analogue input amplifiers is 


Fig. 2 ‘Crear 
diagram of one 
of eight analogue 
measuring ampll- 
fiers featuring 
offset adjustinent 
and variable 
gain. Note that P1 


and P2 are 
multiturn presets 
and that R1...Fe 


incl. are close 
tolerance (1%) 
metal film 
resistors to 
ensure the 
highest possible 
degree of accu- 
racy and 
stability. 


K1 (2,3,4) 


A1,A2 = IC1 = TLC272 


A1\A2'= IC1'= TLC272 
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Parts list 
(main board; see Figs. 1 
& 3) 


Resistors: 
R1;R2:Rs5;R11 = 10 k 
R3;Re=22 k 
Ra:R7;R12;R13 =4k7 
Ro=1M 

Rio=1 k 

R14 =4k7*. 

R1s =33 k* 

P:=10 k preset 


Capacitors: 

C1;C2= 150 p 

C3=1 u;16 V electrolytic 

C4=10 y;16 V 
electrolytic 

Cs=27 p 

Ce:Cs=100 n 

C7=39 p 

Co =2200 y;16 V 


Semiconductors: 

D1...Da incl. = 1N4148 

T1...7T3 incl. = BC547B 

IC: = ADC0809 (National 
Semiconductor) 

IC2 = CDP1854 (RCA): 
6402 (Western Digital); 
AY-3-1015 (General 
Instruments) 

ICs = 74HC4060 

ICs = 4098 or 4528 


Miscellaneous: 

X1 = 2.4576 crystal 
HC25/U 

K1...Ka=13-way PCB 
socket to DIN41617 

PCB Type 86090-1 (see 
Readers Services) 

* see text 


Fig. 3 Campo- 
nent mounting 
Dilan for the main 
PCB, up to four 
bus connectors 
may be fitted 
onto it In order 
to receive the 
same number of 
boards shown in 
Fig. 4. Unused 
ADC inputs 
Should be tied to 
ground. 


given in Fig. 2. However, before 


detailing the operation of that sec- 


tion of the digitizer, the function of 
potential divider network Ria-P1-Ris 
at the REF+ input of IC: must be 
gone into (see Fig. 1). Since REF— of 
IC; is at ground potential, the input 
voltages to the ADC chip must lie 
between nought and the voltage at 
REF+, the maximum value being 
4V. 

It is possible to have IC: convert a 
limited input voltage span by appro- 
priate setting of P1; if, for instance, 
REF + is set to 2.5 V, the attainable 
resolution is 2.5/28 = 9.77 mV per 
step. Resistors Ris and Ris may be 
adapted to narrow the span of P: as 
required; the target value for REF+ 
should then be reached if P: is set to 
about the centre of its travel. 

Fig. 2 shows that each analogue 
input section is based upon the use 
of the Type TLC272 dual CMOS 
operational amplifier, which has 
been chosen in view of its low cur- 
rent consumption (about 1 mA per 
opamp) and capability to accept an 
input voltage of nought, whilst the 
chip can be fed froma single supply 
voltage. 

Diodes D: and Dz protect the opamp 
input from being driven either with 
voltages far in excess of the positive 
supply or with reversed polarity. C: 
has been incorporated to suppress 
transients on the input voltage; its 
value of 1 pF gives a period of about 
0.5 s, which may have to be adapted 
to suit the particular application. 
Potential divider R3-R4-Ri-R2 keeps 
the non-inverting input of A: at half 
the input voltage to the circuit. P: 
allows the offset of A: to be accu- 
rately compensated. 

It is seen that half the input voltage 
less any offset introduced with P: is 
found at the output of A1; the maxi- 
mum input voltage to the circuit as 
shown is about 7.5 V, while measure- 
ments up to 8V may be taken if 
the input protection diodes are re- 
moved. R3 and Ra may be left out in 
case input voltages are not expected 
to exceed 4 V; however, this modifi- 
cation gives an increase in amplifier 
input impedance, which is of the 
order of 2 megohms with Rs and Ra in 
function. 

The second opamp stage composed 
of Az is driven over another potential 
divider network, Rs-Rs, which, 
dimensioned as shown, gives a volt- 
age division factor of 2, while replac- 
ing Rs with a wire link gives 1, or no 
division at all. Opamp Az has been 
configured to operate as a linear 
amplifier whose amplification can 
be set to any value between unity 
(remove R11) and about 1000 by 
means of multiturn preset Pz. 

Given he above considerations as to 
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the potential divider networks and 
the adjustable gain of Az, it is readily 


seen that the proposed input module |. 


is versatile in respect of the voltage 
span that can be applied to its input. 


The circult in 
practice 


Provision has been made to enable 
users of the proposed digitizer to 
employ the number of input mod- 
ules as requisite for a particular 
application; to this end, up to four 
plug-in amplifier boards, each com- 
prising of two input channels, can be 
received on the main board bus con- 
nectors. Refer to Figures 3 and 4 for 
the component mounting plan of 
main board and amplifier modules 
respectively. 

Rbus databits D3. ..D7 have been bus 
wired to allow easy expansion of the 
digitizer with software controlled 
relays, switching transistors or ana- 
logue bilateral switches or (de)mul- 


tiplexers. A possible application 


would be an intelligent sample and 
hold system which supplies the com- 
puter with real time data regarding 
the state of some sensor-controlled 
process. 

REF+ has also been ’’bused” in 
order that this voltage can be used as 
a reference for further analogue cir- 
cuits. However, due care should be 
taken not to connect relatively heavy 
loads to REF+, since it is not in- 
tended to actually supply current. 
Unused inputs of amplifier channels 
should be tied to ground to minimize 
induced interference. 

UART ICz2 has been hard wired to 
accept and send serial data organ- 
ized as 8 databits, 2 stop bits and no 
parity. Table 1 shows which strap to 
use for a particular port baud rate, 
while Fig. 5 may be used as a guide 
in programming digitizer servicing 
programs or subroutines without 
(Fig. 5a) or with (Figs. 5a and 5b) use 
of RTS-CTS handshaking. The flow- 
chart of Fig. 5a shows that the com- 
puter is forced into a wait loop 
during the ADC conversion process, 
whilst Fig. 5b indicates how con- 
verted data is read after the digitizer 
has issued an interrupt over the RTS 
line; Fig. 5c, finally, shows how the 
computer has the digitizer hold the 
converted byte until transmission 
can take place; other methods of 
programming are, of course, also 
thinkable. 


Sering UP 


Aligning the completed digitizer 
should preferably be done with a 





precision voltage source, a digital 
multimeter, a computer equipped 
with a standard RS232 port, and, 
naturally, at least one input amplifier 
module plugged onto the digitizer 
main board. 

For an initial test, you should also 
have a properly working serial con- 
troller program which can send key- 
board data and display (hexa)deci- 
mal data as received from the 
digitizer. 

To begin with, set REF+ to limit 
input voltage span as required. With 
REF + at 4 V, the same input voltage 
should produce FFhex (25510). 
Remember that whatever value is set 


for REF+, 25510 is the highest value 


you can read, corresponding to the 
level of REF+. 

short-circuit the amplifier’s input and 
set P: for a reading of 0 V exactly at 


Example 
No.1 


send 
channel number 
wait loop 
a of 
loop ? — 
tread 


digitized 
value 


read 
digitized 
value 


Example 
No.2 


send 
channel number 





the output of A:. Remove the short 
circuit and apply a stable input 
voltage of the level which is to be the 
maximum for use with the input 
channel. Align P2 to give a level of 
REF + at the output of Az. If required, 
remove Ri: to achieve unity gain of 
Az, or adapt the values of Re-Ro for 
the requisite divide factor, ie 
attenuation of the input voltage. 

Again, whatever the maximum volt- 
age to the channel, the highest 
anticipated level in the particular 
application should give a computer 
reading of FFhex (25510), the lowest 


_level (0 V) @ both hexadecimal and 


decimal. Finally, it should be noted 
that the Type ADC0809 achieves an 
accuracy of +1 bit, or about 15 mV at 
an input voltage span of 4 V. 


(SY) 


Example 
No.3 
send 
channel number 





tread 
digitized 
value 
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Fig. 4. Compo- 
nent mounting 
Dlan of one of 
four identical 
add-on boards to 
bDlug into the 
main board bus 
connectors. Note 
that an add-on 
board as shown 
here holds two 
measuring ampli- 
fers. 


Parts list 
(Measuring amplifier 
board; see Figs. 2 & 4) 


Resistors: 
Ri...Re; 
| Ri’... .Re’ =470 k; 

1% metal film 

R7;R7’ =2k2 

Ra;Ro;Re’:Ro’ = 10 k 

R10;R11;R10';Ri1’ =1 k 

P1:P1’=10 k multiturn 
preset 

P2:P2'= 100 k multiturn 
preset 


Capacitors: 
C1:C1’=1 wsMKT 
Ca:C2°=22 p 
C3;C3’= 100 n 


Semiconductors: 

D1;D2;D1';D2' = 1N4148 

IC1:1C1’=TLC272 (Texas 
Instruments) 


Miscellaneous: 

13-way angled plug for 
PCB edge mounting 
(to DIN41617). 

PCB(s) Type 86090-2 
(see Readers Services) 


Fig. 5. Three 
suggested 
Howcharts for 
serial I/O 
subroutines. 
Example No. 1 
is the most 
rudimentary of 
the three; No. 2 
Shows the possi- 
bilities for using 
RTS-generated 
interrupt 
requests, while 
No. 3 illustrates 
how handshaking 
signal CTS may 
be used to effect 
correctly med 
serial communi- 
cation. 


HEADPHONE 





AMPLIFIER 


Anyone with a keen ear for hi-fi sound reproduction 
should read this article. which details how the Type 
IEA2025 chip was revisited once more to make a 
versatile, yet compact and low component count stereo 
headohone amplifier. 


Circuit details 


Already incorporated in Elektor’s 
portable mixer (see Elektor Elec- 
tronics, issues of April, May and June 
1986) and briefly discussed in the 
Summer Circuits issue of this maga- 
zine (E/ektor Electronics, July & 
August 1986, p. 28), the Type 
TEA2025 stereo amplifier chip is the 
basis of the present design ofa head- 
phone amplifier circuit, details of 
which are shown in Fig. 1. 

The amplifier chip is fed froma 12 V 
supply which ensures ample output 
power for use with 30 to 600 ohms 
impedance headphone sets. Total 
harmonic distortion at maximum out- 
put is of the order of 0.1%, although it 
must be noted that the amplifier then 
produces a sound pressure level 
which may be harmful to the ears. 
The TEA2025 is driven by a pair of 
symmetrically fed (+12 V) oper- 
ational amplifiers whose output level 
is monitored by overdrive detection 
circuit T1-T2; the PEAK level LED will 
light in case the safe driving level for 
the amplifier chip IC3 is exceeded. 
Provision has been made to switch to 
monaural amplification by means of 
SI. 

As to the power supply, note that 


Parts list 


most current is drawn from the 
positive 12 V rail, so that an 1 A regu- 
lator Type 7812 has therefore been 
incorporated, while a 100 mA Type 
79L12 can easily handle the negative 
supply demand of the PEAK indi- 
cator circuit and that of driver IC4. 
Where this is desirable, poten- 
tiometers Pia and Pib may be re- 
placed with presets, while driver 
stage gain may be defined as re- 
quired by adapting feedback re- 
sistors Ri and Rs. 


Construction and — 
applications 


With reference to the track pattern 
and component overlay shown in 
Fig. 2, hardly anything can go wrong 
in constructing this versatile head- 
phone amplifier. Note that regulator 
ICi should be fitted with a home- 
made, U-shaped bracket to aid 
in cooling the device. It is also 
suggested to fit ICs with a small DIP- 
type heat-sink, although the device 
is not too heavily loaded and should, 
therefore, remain relatively cool. 


Volume setting potentiometer P2 as 


well as gain adjustment poten- 


Resistors: 


R1...R4=10 k 
R5;R6 = 4k7 
R7;R8= 33 k 
R9;R10=470 
R11;R12 =2k2 
R13;R14=56 k 
R15=22 k 
R16;R17 = 6k8 
R18 = 680 2 

P1 = 47 k logarithmic 


Capacitors: 
C1= 1000 p;25 V 
C2= 220 y;25 V 
C3...C6=100 n 
C7;C17;C18; 

Ci9= 100 y;16 V 
Cs;C9=470 n 
Cio;Cn=1 wv 

bipolar or MKT 
C12 = 2yu2;16 V 
(13:Ci4=220 p 
Ci5;Ci6 = 22 v6 V 
C20;C21 = 150 n 


Semiconductors: 
D1...D4=1N4001 


Ds=red LED & panel © 


holder . 
T1;T2 = BC557B 
IC1 =7812 
IC2=79L12 
IC3 = TEA2025 

(Thomson CSF) 
IC4=TLO72 


Miscellaneous: 
F1= 100 mA slow 


tiometer Pi, if fitted, are mounted 
direct onto the PCB, but conven- 
tional wiring with short lengths of 
screened cable may also be used 
with front-panel mount poten- 
tlometers. 

Testing the completed amplifier is 
readily done by switching it to 
monaural mode and setting P: and 
P2 to maximum (cw) and minimum 
(ccw) respectively. Do not apply an 
input signal while verifying that the 
outputs of Ai and Az are at 0 V with 
respect to ground. Apply 10 Vpp in- 
put signal (3.6 Vrms), eg. from the 
secondary of a mains transformer, 
and see if the driver stages can pro- 
duce 20 Vpp; LED Ds should just 
about remain off at this level. Maxi- 
mum output power of the circuit 
should be achieved with 800 mVpp 
applied to the inputs of IC3; output 
voltage at the R and L terminals 
should be about 12 Vpp at Rt = ~™, 
and 8 Vpp at Rt = 15 Q. 
Applications of the present circuit 
other than a hi-fi stereo headphone 
amplifier include a general-purpose 
measuring amplifier, if equipped 
with a simple faultfinding probe, ora 
line driver for signal distribution in 
multi-amplifier PA systems. 


(SV) 


heat sink for IC3 
Soldering pins as 
required 


stereo potentiometer* 
P2=25 k logarithmic 
stereo potentiometer” 


Tr1=2x 12 V at 250 mA 
S1=SPST switch 

PCB Type 86086 

Clip-on or slide-on DIL 


C22;C23 = 470 ;16 V 
note: all electrolytic 
Capacitors are radial 


*PCB-mount type types. 
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c2 


220p/25V 














A=100 mA. 
B=11 Vpp max. 


| 
| 
C =0-20 Vpp (max.) 


D=-12V 
E=—1 V cé6 c7 
F=0-0.8 Vpp (max.) “te 100n |100y 
G=6V Efe 
H=12 Vpp (RL= ©) 

=8 Vpp (RL=15 Q) 






R6 






A1,A2 = 1IC4 = TL072 
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Fig. 1. Not many 
Darts are re- 
quired to build 
tis high-quality 
Stereo heaad- 
bhone amplifier 
based upon the 
Type TEA2025 
chip. Measuring 
values relevant 
to several points 
in the circuit are 
shown inset. 


Fig. 2. Showing 
track pattern 
and component 
overlay of the 
stereo heaa- 
Phone amplifier. 
Note that stereo 
potentiometers 
Pi and P2 are 
mounted direct 
onto the PCB for 
compact mount- 
Ing in a smal/- 
size cabinet. 


|SATELLITE 
LOUDSPEAKERS 


Following on last months Active subwoofer, this article 
deals with the satellite loudspeakers that complement the 
subwoofer to give complete coverage of the qudlio 
spectrum. These satellites are however also perfectly 
suitable for indeoendent use 


Fig. 1. The 
Dynaudio Type 
17W75 was used 
as the bass and 
middle fre- 
quency drive 
unit in the proto- 
type system. 
Noteworthy 
aspects of this 
unit are the 
centre magnet 
and the PHA 
(phase 
homogenous 
area) propylene 
cone. 
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Satellite loudspeakers are not a 
separate category of sound 
reproducing equipment; any loud- 
speaker whose bass performance 
should be improved could be 
classified as a satellite. So-called 
bookcase speakers are invariably 
satellites, because their modest di- 
mensions prohibit proper repro- 
duction of frequencies below about 
100 Hz. | 

If you are planning a new loud- 
speaker system, you could do worse 
than to opt for a subwoofer-satellites 
system. It is then, of course, best 
right from the start to design the 
satellites for optimum performance 
with the subwoofer and vice versa. It 
is on this basis that the present 
article has come about: the results 
are very satisfactory, indeed. 

Even those who are not terribly in- 
terested in the subwoofer will find 
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that the bass performance of the 
satellite speakers (—3 dB point at 
65 Hz) is perfectly adequate for their 
requirements. 

Although the design of a loud- 
speaker enclosure is never an easy 
task, the one proposed here pre- 
sents the constructor with relatively 
few difficulties. This is, of course, 
largely due to there being no need 
of paying much attention to the bass 
reproduction. A response down to 
100 Hz would be perfectly adequate; 


‘true, an octave further down would 


be very nice, but is, in this case, not 
necessary. - 

This immediately removes the prob- 
lem of choosing the right shape and 
size of enclosure and deciding how 
many ways’ the system should have. 
The enclosure decided on is a nor- 
mal closed box, while it was felt that 
a two-way system would be perfectly 


pee 


acceptable, provided that the 
chosen drive units would allow this. 
The latter aspect also requires less 
arithmetic and fewer measurements 
than, e.g., a three-way system. 
These considerations have resulted 
in a very satisfactory practical 
realization, both as regards the 
enclosure and the number of drive 
units. As a bonus, the bass perform- 
ance measured is considerable bet- 
ter than that aimed at. In short, the 
proposed design is compact, easy to 
build, not expensive, and, even with- 
out a subwoofer, gives an excellent 
overall performance. 


The drive units 


As said, the design is based on two 
drive units. Since the majority of 








middle-frequency units are not 
really satisfactory above about 2000 
to 2500 Hz, which causes problems 
in the choice of tweeter, Dynaudio 
units were used for the prototypes. 
These units did not only meet the re- 
quirements for the present design 
better than most; they also offer the 
advantage of an excellent match with 
the subwoofer (which also uses a 
Dynaudio drive unit). The units are 
the Type 17W75, a 170 mm bass and 
middle-frequency unit, and the Type 
D-28 AF tweeter. 

The 17W75, shown in Fig. 1, is a drive 
unit with a relatively large voice coil 
(75mm) in  hexacoil technique, 
which, in conjunction with the 
unusual shape of the one-piece 
cone, gives an ideal transfer of the 
acceleration force from the coil to 
the PHA (phase homogeneous area) 
cone. Another advantage of the big 
voice coil is the short rise time (fast 
transient response) of 50 us. Very low 
distortion and excellent phase 
characteristics are a result of the total 
concave shape of the cone. 

The D-28 AF, shown in Fig. 2, is a 
28 mm soft dome tweeter. The voice 
coil is coupled with the aid of ferro 
fluid. The unit has a noteworthy fast 
transient response (short rise time) of 
12 us. It offers the great advantage of 
having been designed specifically 
for use with 6 dB/octave filters: not 
many dome tweeters have! 


Cross-over filfer 


Cross-over filters (or networks) are, 


unfortunately, necessary, 
there is not a drive unit that can 
reproduce the entire audio range 
satisfactorily. As long as these filters 
are not to steep-skirted, they do not 
cause too much harm, but with in- 
creasing skirt steepness the flaws 
they introduce become more and 
more serious. Steep-skirted filters 
have particularly bad _ transient 
response characteristics. 

The design of a cross-over network 
should therefore be based on 
6 dB/octave slopes, provided the 
drive units used allow this. This is so 
in the present design as can be seen 


from the diagram in Fig. 3. Strictly . 


speaking, this circuit contains only 
two true filter components: Li and 
C2. The remainder of the compo- 
nents perform the correcting func- 
tions that are always necessary for 
good filter operation. Network R:-C: 
serves to counteract the impedance 
of the 17W75, which increases with 
rising frequency. This carefully de- 
signed network ensures that the 
overall impedance of the drive unit 
remains constant above its reson- 
ance frequency. Only because of 
this can the filter perform as re- 
quired. 

Resistive divider RzR3 serves a 
twofold function. In the first place, it 
ensures level matching of the 
tweeter, whose efficiency is 
somewhat higher than that of the 
17W75. Then, the value of Re may be 
varied between zero ohms and 2.2 
ohms without the necessity of chang- 
ing the value of C. A value of 0 ohms 
corresponds to a 0.5 dB correction 
for the tweeter, while 2.2 ohms gives 


because ~ 


a —1.5 dB correction. Moreover, R3 
smoothes out a small uneveness in 
the tweeter characteristic: its value 
must, therefore, not be changed 
under any circumstances. 


The characteristic in Fig. 4 
represents the output voltage of the 
filter, measured across the two drive 
units. Note that the cross-over point 
only appears to be at —5 dB; it is ac- 
tually at the customary —3 dB. The 
characteristic of the I17W75 has a 
slight peak at the cross-over fre- 
quency, and this has been corrected 
by a slightly earlier action of the 
filter. Acoustically, everything is, 
therefore, as it should be. 

Construction of the filter should not 
give any difficulties if the PCB (Type 
86016) shown in Fig. 5 is used. Note, 
however, that L: should be fastened 
with glue or a brass/nylon bolt: a 
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Fig. 2. The 


tweeter IS 2 
Dynaudio Type 
D-28 AF, which 
was specially de- 
signed for use 
with 6 dBvoctave 
cross-over filters. 


Fig. 3. The 6 dB/ 
octave cross-over 
network Is 
typified by its 
simplicity. 
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Fig. 4. Character- 
istic curve of the 
output voltage of 
the cross-over 
filter measured 
with the arive 
units connected. 


Fig. & The 
printed-circuit 
board for the 
cross-over net- 
work (Type 86016 
— available 
through our 
Readers’ 
Services). 


Parts list 


L1 = 0.5 mH air-cored 
inductor; wire diameter 
1mm 

Ci = 22 p bipolar 
electrolytic or polyester 

Cz = 10 pu polyester 


R1 = 5Q;5 W 
Rz = 0.47 2;5 W 
R3 = 22 2;5 W 


Dynaudio Type 17W75 
drive unit 

Dynaudio Type D-28 AF 
drive unit 

chip board or plywood, 
18 mm thick, as 
required (see Fig. 6) 

about 0.25 m? rubber- 
backed floor covering 

about 0.25 m? rock-wool 

1 variovent; 110 mm; 
(Dynaudio) 

connector terminals as 
required 

wood glue, screws, and 
nails as required 
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steel fastening would affect the value 
of the inductor. Also, observe cor- 
rect polarity when the drive units are 
connected to the board. The PCB 
may be conveniently mounted —on 
spacers— on the bottom lid or 


against the back panel of the 


enclosure. 


The enclosure 


According to the manufacturer’s 
data, the 17W75 is best housed ina 10 
to 15 litre closed box, which has 
been provided with a so-called 
variovent (acoustic resistance). 
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Although theoretical considerations 
point to a somewhat larger volume, 
in practice the manufacturer’s 
recommendations proved to be cor- 
rect. Ina damped closed box of ex- 
actly 10 litres volume, the bass 
performance of the 17W75 was sur- 
prisingly good. The difference be- 
tween a box with, and one without, a 
variovent is slight. The variovent only 
serves to attenuate the resonance 
peak, and this results in a somewhat 
more rigid performance at low fre- 
quencies. 

Although some photographs accom- 
panying this article show a beauti- 
fully styled pentagonal, pyramid- 
shaped prototype enclosure (cour- 
tesy Dynaudio), the proposed 
enclosure has been kept rather 
simpler. Note, however, that the pen- 
tagonal enclosure is available from 
Dynaudio as a kit: it is acoustically 
excellent, but quite difficult to build. 
Our own proposal, shown in Fig. 6, 
offers similar advantages as the 
Dynaudio design: no parallel side 
panels; leaning backwards; upward 
tapering front panel; but does not 
demand the craft of a furniture 
maker. 

The material is 18mm fine-chip 
board; plywood may, of course, also 
be used, but is rather more expens- 
ive. The front, back, and side panels 
have exactly the same dimensions. If 
these are sawn very carefully, all four 
can be glued together in one go. The 
bottom and top lid must be sawn 
very carefully to ensure a good, tight 
fit onto the leaning vertical panels. 
The top lid may be glued in place, 
but the bottom panel is best fitted 
with screws and sealing tape so that 
access is possible at a later stage, if 
required. Next, the holes for the 
drive units, the variovent, and the 
connector terminals should be cut. 
The variovent should be glued into 


place, while the drive units should 


Technical characteristics be screwed on. Afterwards, the gap 
between the rim of the drive units 
od goeibh pareve, Wo ney and the front panel should be sealed 


Enclosure closed box : ‘ 
Net volume about 10 litres with suitable tape. 


Cross-over filter 6 dB/octave; cross-over point at about The ‘beste place to fit the cross-over 
2500 Hz filter is at the back panel between 


ae amy os a SP eee Be the variovent and the connector ter-: 


Sensitivity 89 dB | minals. 

| Panel resonance is further prevented 
by gluing strips of rubber-backed 
floor covering at the inside of all 
panels and then covering these with 
30mm _ thick rock-wool. If this 
material is amply cut, the strips will 
VARIOVENT be push-fitt, obviating the need for 
gluing them into place. 

The finish of the exterior of the 
enclosure is left to your own taste 
and preference. 


Performance 


It is, of course, easy (and tempting) 
for a designer to sing his own 
praises, so the performance of the 
system can be gauged from the 
measured impedance and _ fre- 
quency response characteristics 
illustrated in Figures 7 and 8 respect- 
ively. The smooth impedance curve 
should not present any problems 
to a good output amplifier. The 
frequency response curve was 
measured with R2=0.47 ohms. When 
this is increased to 2.2 ohms, the 
characteristic shifts down by about 
2 dB above 2 kHz. Response at low 
frequencies was ascertained by 
Close-proximity (20mm) measure- |p» 





Fig. 6. Construc- 
tion details of the 
proposed 
enclosure. The 
material may be 
18 mm plywood 
or good quality 
chip board. 
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Fig 7. Character- 
istic 1mpedance 
curve of the 
completed 
Satellite system. 


Fig. &. Fre- 
quency response 
curve of the 
completed 
Satellite system. 
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ments. The acoustics of the test room 
has such an effect that measure- 
ments at greater distances give no 
meaningful information as to the 
behaviour of the system at low fre- 
quencies. For measurements at 
middle and high frequencies, the 
test microphone was placed at a 
distance of about 2 metres at roughly 
the height of the acoustic centre of 
the enclosure. 





A loudspeaker presents a complex load to the 
outout amplifier and the cross-over network. This 
load can be measured and any deviation trom 
the nominal impedance corrected. In this manner 
aQ multi-way loudspeaker system with a passive 
cross-over network can be made fo function 


optimally. 
A loudspeaker looks a sound reproducer. If only it | tals of calculating the di- system. The present article 
simple enough device: a were as simple as that... mensions of a closed box | takes a closer look at the 
frame, a coil, a magnet, Designing a closed loud- on the basis of the electrical aspects. 
and a cone of paper or of | speaker box (Flekfor Elec- characteristics of the drive | Before reading any further, 
man-made fibre. Put it in a | tronics, February 1986) unit used. That thus dealt | note that if the cross-over > 
box and you have a explained the fundamen- | with the acoustics of the | network is of the active ! 
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type, the loudspeaker im- 
pedance is of no par- 
ticular importance. With a 
passive filter, however, it is 
a prime factor. 


Dynamic 
impedance 


A drive unit may be 
represented by an elec- 
trical circuit containing re- 
sistance, capacitance, 
and inductance. Its im- 
pedance may, therefore, 
be inductive, capacitive, 
or resistive, depending on 
the frequency of oper- 
ation. Moreover, the im- 
pedance is affected, to 
some extent, by the type 
and dimensions of the 
enclosure in which the 
drive unit is housed. 
Figure 1 shows the 
dynamic impedance of a 
47 cm bass unit measured 


dBV 


over the frequency range 
of 20 Hz to 20 kHz. This 
curve is characterized by 
the peak around 75 Hz 
and the slowly rising im- 
pedance with frequency. 
The peak is caused by the 
resonance frequency of 
the equivalent circuit, 
while the rising with fre- 
quency results from the 
self inductance of the 
voice coil. As the cross- _ 
over network has been de- 
signed for operation into a 
constant-value ohmic 
load, the performance of 
the system will be ad- 
versely affected by this 


varying impedance. 


Equivalent 
circult 
A (simplified) equivalent 


circuit of a typical drive 
unit is shown in Fig. 2. The 
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voice coil has a resist- 


‘ance, Re, which deter- 


mines the minimum im- 


pedance of the drive unit. 


From the curve in Fig. 4 it 


_is clear that for the drive 


unit used here Re=5.5 
ohms. The inductance of 
the voice coil is rep- 
resented by Le. The paral- 
lel circuit Lo-Co-Ro Causes 


exactly the same peak as 
the drive unit proper. Note 


that it is in series with the 


‘series combination of Re 


and Le. 


Impedance 
calculations 


A dynamic impedance 


characteristic, such as that 


in Fig. 14, can be deter- 


mined with the simple set- 


up of Fig. 3. If the resist- 


ance R is large compared 


with the nominal loud- 


25a ® 


Measuring Object 


Type 3351 


86049-1a 





Fig. 1. The impedance 
curve of a typical loud- 
speaker unit in (a) was 
measured under controlled 
conditions. Subsequently, 
an equivalent circuit was 
calculated and built; the 
impedance curve of this is 
shown in (b) The 
resemblance between the 
two Characteristics IS 
Striking. 


Fig. 2. The equivalent elec- 
trical circuit of a loud- 
speaker looks anything but 
a resistance. 


AF signal source 


Frequency meter 


voeaoeo 
CO 





speaker impedance, the 
AF signal source functions 
as a perfect current 
source. If, for instance, 
R=3k3, and the output of 
the signal source is set at 
3.3 V rm.s., the current 
through the loudspeaker 
coil is 1 mA. Each millivolt 
drop across the loud- 
speaker, therefore, 
represents 1 ohm. It is 
clear that the true RMS 
voltmeter should be a sen- 
sitive type. The impedance 
presented by the loud- 
speaker can now be 
measured over a range of 
frequencies, and the curve 
plotted from the values 
measured. It is, of Course, 
essential that the drive 
unit is housed in its normal 
enclosure to ensure that 
the true impedances are 
measured. 

The voice coil resistance, 
Re, may be measured with 
an accurate ohmmeter, or 
with the set-up of Fig. 3. 
The latter is not too ac- 
curate, but it will do. In this 
case, the minimum im- 
pedance over the fre- 
quency range is ascer- 
tained. 

Next, ascertain the im- 
pedance, Zo, at the res- 
onant frequency, fo. The 
true impedance, Z, is 


Z=Zo—Re (1) 


True RMS. voltmeter 


Subsequently, calculate 
the impedance, Z3, at the 
—3 dB points from 
Z3 =Ro+ZV 2 (2) 
Measure at which fre- 
quencies above and 
below fo, fa and fb respect- 
ively, the impedance has 
the value Z3. 

The bandwidth, BW, of the 
resonance peak is 
calculated from 
BW=fa—fb (3) 
Values of the equivalent 
circuit components can 
now be calculated from 
the following. 


Lo=BWZ/2nfo (4) 
Co =1/2nBWZ (5) 
Ro=Z (6) 


For bass speakers, 
measure at which fre- 
quency, fx, the impedance 
is equal to 2Re. Then, 
Le=V 3Re/2nfx (7) 
For middle and high fre- 
quency speakers, measure 
at which frequency, fz, the 
impedance is equal to 

V 2Re. Then, 


Le=Re/2nfz (8) 


Fig. 3. Typical set-up for 
measuring loudspeaker 1m- 
bedance over a range of 
frequencies. 


Fig. 4. An RC network 
across the loudspeaker 
compensates for the rise in 


Impedance with frequency. 


Fig. §. The resonance peak 
of a loudspeaker may be 
negated with a suitable 
LCR network across the 
unit. 


Correcting the 
Aynamic 
impedance 


To ensure optimum per- 
formance from the passive 
network and loudspeaker, 
the impedance presented 
to the filter by the loud- 
speaker should remain 
constant over the fre- 
quency range of the 
system. This is readily ef- 
fected by an RC combi- 
nation across the drive 
unit as shown in Fig. 4, 
where 


Ra=Re (9) 


Ca=Le/Re? (10) 
Note that the minimum im- 
pedance of the loud- 
speaker remains equal to 
Re. 

Correcting the resonance 
peak is normally not 
necessary, because it 
usually lies well outside 
the pass band of the 
cross-over network. None 
the less, where it is felt 
necessary, it can be done 
with the aid of the circuit 
in Fig. 5. Here, 


Lb =LoR/Ro (11) 


Cr =CoRo/Rb (12) 
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Rb =Re +Re4/Ro ( 





13) 


These correcting networks 


ensure that the passive 
cross-over filter is ter- 
minated into a constant- 
value impedance. 


HB 
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A simple, yet interesting and useful, instrument for 
measuring the resistance and the inductive reactance of 


Q loudspeaker. 


It may be argued that a loudspeaker 
impedance meter is something that 
is needed only once ina blue moon, 
but to many dyed-in-the-wool audio 
constructors it could be a godsend. 
Loudspeakers are frequently offered 
for sale at very low prices by various 
retailers, but often there is no indi- 
cation as to their characteristics. The 
present circuit will at least enable 
the impedance to be ascertained 
with a good degree of accuracy. A 
multimeter will, of course, only give 
some idea of the resistance. A useful 
aspect of the present circuit is that 
the resistance and the inductive re- 
actance can be measured separately. 
The only limitation of the meter is 
that all measurements take place ata 
frequency of 1000 Hz. This is an ex- 
cellent value for woofers and broad- 
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band drive units, but on the low side 
for middle frequency units and 
tweeters. The meter is, therefore, not 
suitable in the design of a loud- 
speaker enclosure, because then the 
impedance at a number of different 
frequencies needs to be known. 


Design 
considerations 


The principle of the impedance 
meter is almost more interesting than 
its practical construction. Owing to 
the inductive reactance, measuring 
impedances with the aid of a bridge 
circuit is not as simple as it may ap- 
pear at first sight. The present meter 
is, therefore, based on a different 
design philosophy as shown in Fig. 1. 


As the block diagram shows, the 
meter consists of a quadrature sine 
wave oscillator, a synchronous recti- 
fier, a voltage source, and a null- 
point detector. The oscillator pro- 
vides two signals, sinwt and cosuot, 
that have the same frequency, but are 
90° (n/2) out of phase. The sinwt 
signal is used to control a voltage- 
driven current source, the output of 
which flows through the impedance, 
Z, to be measured. 

The potential drop across Z consists 
of two voltages, Ur and Ux, which 
are 90° out of phase (UR is caused by 
the pure resistive part of the im- 
pedance, whereas Ux is due to the 
inductive reactance, XL). The basis 
of the meter is that the two oscillator 
outputs can be adjusted accurately 
to give a compensating potential at 


the inputs of a differential amplifier 
that is identical to the composite 
drop across Z. The output of the dif- 
ferential amplifier is then zero. A 
synchronous rectifier and a null- 
point detector facilitate the correct 
setting of the two potentiometers. 
When both LEDs are quenched, the 
value of R and Xi can be read off the 
scale of the potentiometers once 
these have been calibrated. 


Circuit description 


The quadrature oscillator is com- 
posed of opamps Ai and Az and 
generates a signal at a level of about 
6.5 V and a frequency of around 
1000 Hz. The sine wave voltage ap- 
pears at A, and the cosine one at B. 
The  voltage-controlled current 
source is formed by As, T1, and Ta, 
while Riz is the current-determining 
resistor. & 


2 
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Fig. 2. The cir- 
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Fig. 1. Block 
diagram of the 
meter. The 
voltage drop 
across Z IS Com- 
pensated by a 
composite signal 
provided by the 
quadrature oscil- 
/ator. The values 
of the resistive 
and reactive 
elements can 
then be read off 
the scales of the 
potentiometers. 


15 V 





15 V A1...A4=1C1 = TLO84 
D1...D6= 1N4148 15V 


Phe : 


86041.2 cult alaogr. am of 
S the meter. 


Fig. 3. The sym- 
metrical power 

supply is a con- 
ventional unit. 
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Fig. 4. The 
brinted-circuit 
board accom- 
modates the en- 
ure circuit, 
including the 
Power supply. 
Wire links are 
required be- 
tween A and C 
and between B 
and D. 


Parts list 


Resistors: 
R1;R3;R26;R27;R28= 10 k 

R2=8k2 

R4;R5;R25 = 4k7 

R6 to R11 incl=22 k 
Ri2= 100 2:1 W 
R13;R14=2k2 
R15;R16=47 Q 
R17= 18 k 

R18=82 k 

R19;R20;R21 = 100 k 

R22;R23;R31 = 220 k 

R24=4M7 

R29 = 150 k 

R30=1 k 

R32 = 470 Q 

R33 = 680 Q 

P1=5 k preset 

P2;P3= 10 k, linear, 
wirewound 
potentiometer 
P4;P6=10 k preset 
Ps5= 100 k preset 
P7=50 k preset 


Capacitors: 
C1:C2:C3=15 n 
C4;C9;C10= 100 n 
Cs5;C6= 10 y;16 V 
C7;C8=470 u;40 V 


Semiconductors: 


T1=BD135/BD139 
T2=BD136/BD140 
T3= BF256B 
T4=BC547B 

T5 = BC557B 

D1 to Dé incl= 1N4148 
D7;Ds;D13= LED 

Dg to D12 incl = 1N4001 
IC1 = TL084 
1C2=LM311 

IC3=741 

IC5 = 7815 

1C6 = 7915 


Miscellaneous: 


Tr1 = mains transformer 
2 x 18V;250 mA 

S1=SPST switch 

S2= double pole mains 
switch 

F1=fuse; 200 mA; 
delayed action 

fuse holder to individual 
requirements 

two wander plugs and 
sockets (chassis 
mounting) 

Verobox Type 75-1411D 

PCB 86041 
(see Readers’ Services) 

Front panel foil 86041-F 
(see Readers’ Services) 


The two compensating voltages are 
taken from the oscillator via potential 
dividers Ri7-Pe-P2 and Ris-P7-P3 and 
C and D (which are linked to A and 
B respectively). Since the value of 
the inductive reactance, XL, is always 
much smaller than that of the DC re- 
sistance, R, the value of Ris is con- 
siderably larger than that of Riz. 
The differential amplifier is formed 
by opamp As: potentiometer P4 pro- 
vides the necessary off-set compen- 
sation. 

The synchronous rectifier is com- 
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posed of T3 and ICs. The amplifi- 
cation of the latter is +1 or —l, 
depending upon the state of Ts. This 
transistor is controlled by compara- 
tor IC2, the input of which can be 
connected to the sine or cosine out- 
put of the oscillator by Si. 

The somewhat unusual output con- 
figuration of the comparator (output 
pin 7 to ground and earth pin | to 
—15V via R2s) becomes clearer 
when it is realized that pins 1 and 7 
are connected to the emitter and col- 
lector respectively of the output tran- 


- 
¢ 
0 
© 
® 
0 
a 
‘W 
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sistor in the LM3ll. Series combi- 
nation R2a-C4 smoothes the output 
voltage of ICs hefore this is applied 
to the null-point detector. 

The null-point detector consists of a 
Type 741 opamp, IC4, and two com- 
plementary transistors, Ts and Ts. As 
stated before, if during the test P2 
and P3 have been set correctly, 
diodes Dz and Ds will remain 
quenched. 

The power supply, which provides 
symmetnical voltages of +15 V, is a 
fairly simple affair as shown in Fig.3. 


| impedance 
meter: Rass tee es 


On/off indication is provided by di- 
ode Dis. 


Construction 


The meter is best built on PCB86041 
shown in Fig. 4 and housed in a Vero 
case Type 75-1411D. Note that poten- 
tlometers Pz and P3 can be mounted 
direct onto the PCB. 

Do not forget wire links A-C and B-D. 
Connections between the PCB and 
input and output terminals should be 
kept short and made in relatively 
thick wire. 

Do not fit C4 until the meter has 
been calibrated. 

It is advisable to use LEDs of equal 
brightness in the D7 and Ds pos- 
itions. 

Use of the Type 75-1411D Verobox has 
two advantages: the meter then fits 
nicely in the Elektor series of 
measuring instruments, and use may 
be made of the front panel foil 
86041-F available through our 
Readers’ Services—see Fig. 5. 


Calibration 


Adjust Pi so that the oscillator 
just starts, which is conveniently 
checked with the loudspeaker 
under test. 

Turn Pz and P3 fully anticlockwise 
(wipers to ground), and short-circuit 
the output terminals. Diodes D7 and 
Ds should now light. 

Adjust Ps until both LEDs are equally 
bright, and then turn Ps till they just 
go out. 

Fit capacitor C4. 

Set switch S: on the front panel to 
position R. 

Connect a 10-ohm (1 per cent toler- 


7 86041-5 









ance) resistor across the output ter- 
minals. 

Set Pz (R) to read 10 and slowly ad- 
just Pe until both LEDs just go out. | 
Replace wire links A-C and B-D by 
(temporary) links A-D and B-C. 
Switch S: should remain in position 
R. 

Connect a 3.3-ohm (1 per cent toler- 
ance) resistor across the output ter- 
minals. 

Set Ps (Xt) to read 3.3 and slowly ad- 
just P7 until both LEDs just go out. 
Remake wire links A-C and B-D. 


Using the meter 


Connect the loudspeaker under test 
across the output terminals. 

Set 51 to position R and turn Pz (R) 
until the LEDs just go out. 

set S1 to position XL and turn P3 (Xz) 
until the LEDs just go out. 


The impedance of the loudspeaker 
is calculated from 


Z=(R?+X1?) | [Q] 


where R and Xz are the values read 
from the front panel. 

The self-inductance of the voice coil 
may be calculated from 


L=X1/2n [mH] 


Experimental 
eExTENs/ONs 


Various extensions may be incor- 
porated, although these have not 
been tested in our own laboratories. 
For instance, if wire links A-C and B- 
D are replaced by a change-over 
switch that enables A to be linked to 
D and B to C, it becomes possible to 
measure capacitive reactances (Xc). 
Again, if the output of the voltage- 
controlled current source is made 
switchable, different measuring 
ranges become available. And fi- 
nally, the oscillator could be made to 
provide a number of switch-selected 
frequencies. But then, this would not 
be such a simple instrument any 
more. 
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Fig. &. The front 
panel of the 
meter matches 
those of other in- 
Struments in the 
Serles. 














Mains-operated NiCd chargers are in plentiful supply, but 
a NiCd charger that operates from a car battery and 
enables fast charging is something special The one 
described here can charge ¥, 12, or 15-volf batteries. 





Lowering the e.m.f. — electromotive 
force — of a car battery is easily 
done with the aid of a resistor, zener 
diode, or voltage regulator, but rais- 
ing it is rather more difficult. The 
method chosen here is the familiar 
one of voltage doubling. How this is 
done in this charger is illustrated in 
Fig. 1. | 

In Fig. la, switch S connects the 
negative terminal of electrolytic ca- 
pacitor C3 to earth, so that both Cs 
and Ca are charged to the (car bat- 
tery) supply voltage Ub: 


Vo=Ucsi= Up +Uc3= 
Up2+ Ub—Ubi = Ub (1) 


In Fig. lb, switch S connects the 


54 — Elektor in AEM — October 1986 


negative terminal of C3 to Ub, so that. 


the output voltage, Uo, becomes: 


Uo=Uc4= Ub + Uc3—Ub2= 
2Ub—Ub2 (2) 


When the switch is returned to earth 
as in la, the potential across Ca re- 
mains at Ub, because C3 cannot dis- 
charge. It is clear from this that Uo 
(=Uc4) will alternate between Ub 
and 2Up»—Ubz. If the switching 
speed is high enough, the output 
voltage will approach 2Up—Ubz. 


Circult descriotion 


In practice, the switching is carried 


DC OPERATED 
BATTERY CHARGER 





out by a Darlington pair of tran- 
sistors: T:-T2 and T3-Ts in Fig. 2. 
These transistors are controlled by 
an integrated circuit Type LM3524. 
Two of its features make this device 
particularly suitable for the present 
application: the push-pull output 
stage, which can drive the switching 
transistors, and the error amplifier. 
The error amplifier controls the 
width of the pulses at the input of the 
push-pull driver stage on the basis of 
the error signal at the output of the 
charger. The larger the deviation of 
the output current from the wanted 
value, the shorter the switch-on time 
of the power transistors carrying the 
output current. 

The voltage doubling circuit consists 


of capacitors C3 and Cs and diodes 
D; and Dz. These diodes are fast 
recovery power types in a TO-220 
case, which is readily mounted onto 
a heat sink. 

An oscillator in the LM3524 
generates a rectangular signal for 
the T-type bistable and the two NOR 
gates, and a sawtooth signal that is 
applied to the non-inverting input of 
a comparator. The frequency, f, of 
the oscillator is 





86002-1a 


fo=1/2nRsC1 = 1/295 x 10-*=3400 Hz. 


A reference voltage of 2.5 V is pro- 
vided by divider R:i-Rs and applied 
to the non-inverting input of the error 
amplifier. The inverting input of this 
stage is provided with information as 
to the level of the output voltage via 
divider R2-Rs. 

The comparator here functions as a 
pulse-width modulator. Depending 
on the level of the error signal at its 


86002-1b 





inverting input, and the level of the 
triangular signal at its non-inverting 
input, the comparator produces a 
rectangular signal with varying 
pulse-width at its output. This output 


constitutes the real control signal for 


the power transistors. To ensure 
synchronicity and a 180° phase shift, 
the comparator output is applied to 
the bases of the drive transistors via 
two NOR gates. Pulse-width control 
has the advantage that the average 


BYX71 


BYX 71 


fig. 1. Ina, both 
C3 and C4 are 
charged to Up 
minus the smal] 
drop across the 
relevant diode; 
in b, the output 
voltage is the 
sum of the 
voltages across 
C3 and Ca minus 
the drop across 
Dz The switch is 
controlled by an 
oscillator, modu- 
lator, and 
regulator. 


Fig. 2. The cir- 
cult of the bat- 
tery charger 
consists e€ssen- 
tially of the con- 
trol, which is 
contained in one 
Type LM3524 in- 
tegrated circuit, 
Dower switching 
transistors T1 to 
Ts, and the 
voltage doubler 
comprising Dy, 
Ds Cy.and Cz 


> 
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Parts list 


Resistors: 
R1;R3;Re;Rs =4k7 
R2= 33k 

Re = 47k 

R7;Re =2k2 
Ro;Ri2=47 Q 
R10;R11 = 12k 


Capacitors: 

Ci= 16p 

C2=1in 

C3;Ca = 470y;40V 
(axial types) 


Semiconductors: 
D1;D2= BYX71 
T1=BD140 

T2 = MJ2955 

Ts = BD139 

Ta = 2N3055 

IC: =LM3524 


Miscellaneous: 


2 twisted vane T0220 
heat sinks 

2 twisted vane T0126 
heat sinks 

2 TOQ3 style heat sinks 

PCB 86002 


Fig. 3. The whole 
of the battery 
Charger, down to 
the heat sinks, is 
contained on this 
printed circuit 
board. 


Fig. 4. The out- 
put current vs 
output voltage 
Shows that the 
output voltage re- 
mains substan- 
tially constant for 
load currents up 
to 3A. 


load current remains substantially 
constant. 

The current limiter — CL — in the 
LM3524 is not used in this appli- 
cation. 


Construction and 
Test 


All components, as well as the heat 
sinks of the switching transistors, T1 
to Ts, and the power diodes, D: and 
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Dz, are fitted on the printed circuit 
board shown in Fig. 3. If the board is 
fitted in a case, there should be suf- 
ficient space above electrolytic 
capacitors C3 and Ca to ensure good 
ventilation. 

Once the board has been com- 
pleted, the open-circuit output 
voltage should be measured. This 
should be somewhat higher than 
20 V. Note that a perfect voltage 
doubling, i.e. from 12 V to 24 V, is not 
possible because of the saturation 
voltage of power switching tran- 
sistors T2 and Ts and the forward 
drop across the power diodes. 
Next, the behaviour of the circuit 
under load should be checked with 
reference to Fig. 4. Our laboratory 
prototype has an open-circuit output 
voltage of 20.2 V. Under normal load 
conditions, the output voltage re- 
mains substantially constant (+0.5 V) 
until the load current exceeds 3 A. 


fast charging 


During fast charging, the charging 
current must, of course, be limited in 
accordance with the requirements of 
the cells or battery under charge. For 


example, NiCd cells are normally 
charged with a current, Ic, of 120 mA 
to 400 mA. If ten of these cells are 
charged in series, there will be a 
drop, Ua, of 15 V across them. A cur- 
rent limiting resistor, Ra, should then 
be used, whose value is calculated 
from 


Ra=(Uo—Ua)/Ic= 
(20—15)/0.4 =12.5 [22] 


The power, Pa, dissipated in Ra is 
calculated from 


Pa=Ic*Ra=0,4? x12.5=2 [W] 


Sintered-plate cells are normally 
rated at 1.2 Ah, and may be fast- 
charged with a current of 2.5A for 
thirty minutes. HS:GS 


roring (Glearanee Salle 


Enjoy the latest in electronics and save $$%... just by building it yourselfl 


Better video Teletext 
High performance amp module picture quality Information ager | 


for PA, band or home stereo use. ps eh 


Output: 50W into 8 ohms. EE As ‘ 
me VIDEO ENHANCER described Decoder sept ef 


Frequency response: 5Hz-50KHz. 

















Signal-to-noise ratio: 100dB. in EA. Receive the free information 
Seno ese Garde enemies by Weatogue 
Ss i atti ’ W ; ; eee UN: 
. os pe ET Deets $3 79 subtitles for the deaf. c Save hundreds of dollars on a 
a stereo TV set, build your own. 
ai J 






Me, 
hai 





Cut/boost video images to achieve Inbuilt amps or feed through Hi-Fi 





, << | the best result with DSE’s Video fe edna ee system. Bonus: includes its own 
Enhancer. Ideal for dubbing * | UHF tuner. 
1000’s SOLD! home videos too! Cat K-3463 259 4 Was $199 
me ee As described in EA 





1 






Graphic March, ’85 
Equaliser 240V Infrared 


Now your VHF-only TV set can Remote Control 
receive UHF with this simple kit! Without taking a step turn on/off 
Covers UHF bands 4 and 5 (Ch. TV, stereo and other equipment 


28-63). By-pass switch saves 
disconnecting/reconnecting Be ge eae oe een 









antenna leads for VHF-only ae. 
pe hy . viewing. 
(3s } \' | Tailor sound to the way you like it! As described in EA April '86. 569% 


Cut/boost up to 13dB in 10 bands Cat K-3236 
per channel. Frequency response: 





As described 


paateney erode tie soe He ig lnbag al eae a ert a 
- ONZ- 2. 20kHz). The finishing touch to 
Signal-to-noise ratio: 100dB. seiveed , id Extra Remote 


$ m 
As described in eT: SQOIS  Aseeserivedinea $4 BY Transmitter. 45% 
Cat K-3442 Dec ’76 m 
ET 480 Power Supply k-3438 $9395 


T/former Jones $735 The best do-it-yourself amp 
JT144/FERG 3577 0144 °373> available! And what performance: 
e 100W/channel into 8 ohms ® 
8Hz-20kHz frequency response ® 
T | Hum -100dB below full output... 
DIRECT IMPOR plus more impressive specs! 
Now any amateur can get into Complete with hardware 
microwave experiments with and instructions. . 
DSE’s parabolic dish: suits As described in EA Jan’85 Sa 
10GHZz. 20” dia., made of spun PCB has silk screen overlay 
aluminium. Complete with and solder mask. 


Add a second transmitter to 
infrared remote above so two 
people can use it. Cat K-3429 













On a budget? Our 40-Ch. UHF 
Explorer transceiver is just what 
you need: 70cm performance for 
under $200! ¢ Covers 438.025- 
439MHz in 25kHz steps ® -6dB 














mounting holes and hardware. e ; 3 . 7.5kHz and -60dB 15kHz 
Also ideal for long distance sound 40W Bookshelf | selectivity * 0.4uV (for 20dB 
recording. Cat D-8250 | 






quieting) sensitivity... silk 
screen circuit board with solder 
mask. As described in EA Oct ’83 


a 












Speakers for 
under $250 pr! 


‘Now that’s a bargain! And what 
performance... 115mm woofer, 
81mm tweeter with excellent 
frequency response. All you need 
is a soldering iron and $ 













screwdriver for simple, 
quick assembly. 
As described in EA Nov ’85 


Bonus! 
Free repeater up-grade kit 
with each Explorer sold! 
Gives Explorer full repeater 
capability. Includes S-meter, 
extra crystal filter and repeater 
switching. Cat K-6302 


$4 4° Value! 


























Cat K-4000 


Excellent value! Brilliant per- 
formance with 4.5dB gain and low 
radiation angle for enhanced 
range. Ground independent and 
SO239 base socket. CatD-4012 § 4 oO 

WHILE STOCKS LAST 


Spring into the savings... 
We re sacrificing products to 
make room for MEW SEOCK! —o.scsc. cose — cistorin acm — sr 




















No.1 for 


National Semiconductor’s Dynamic 
Noise Reduction system now in 
an economic do-it-yourself kit. 
This superb system can give you 
up to an 18dB improvement in 
signal to noise ratio from your 
mono VCR — and give you 
simulated stereo as well! 
Exclusive to Dick Smith 
Electronics. 

As described in EA 


Cat K-3423 Aug 86 ONLY 





ORR omic MOLS@ MUOUCTION SYsTEn, 


PR pen 
Lee) 

° @ ~ 
ee, 





Measure the values of new and 
used components. Resistance: 10 
ohms — 10 meg ohms. 
Capacitance: 10pF — 10uF. 
Inductance: down to a few 
hundred microhenries. 
As described in EA 
March 78 
Cat K-3468 






ONLY 








AM Stereo decoder takes IF amp 
ouput, decodes signal and 
creates left/right channel 
separation for superb stereo 
effect. Turn your old tuner into a 
AM-Stereo set. 4 

As described in EA 
Oct 84 Cat K-3415 


Give your party professional disco 
light effects with Musicolour IV. 
Plugs into speakers for 
synchronised music-light show. 
With 4 chase patterns, plus auto 


and reverse too! 
As described in EA. 
Aug 81 Cat K-3143 


Just what you’ve always wanted 
but thought you could never afford: 
sine and square wave oscillator. 
Build yourself and save $$$! 
Covers 15Hz-150kHz. Operates 
from 9V battery. 


ry 
As described in EA June 78 
Cat K-3469 


DSE Kits are easy fo build... 






come com 
componen 







lete with all 
. relate Matic loi fel als 
* unless denoted "short form” kits. 





VCR Sound Processor creat 
brilliant stereo-like sound. Ir 
graphic equaliser to tailor ot 


Adds a ‘zing’ to videos by taking a 
mono signal and creating a 
sensational stereo-like sound so 
good, it’s hard to tell from the real 
thing! 

As described in EA 
April 83 Cat K-3421 


Was$19.50 


As described in EA 
April 84 
Cat K-3422 





Build a beat triggered strobe to 
add professional disco effects. 
Strobe flashes in time to music, or 
variable rate. It’s brilliant! 

As described in AEM July 85 

Cat K-3153 


$$$ saver for young bands! Ir 
for guitars or a mix... guitars, 
mics, etc. Features selectable 
gain and impedance. Bass, tr 
and presence controls. Cat k-: 
AEM Sept 85 


ONLY 









Professional TV servicing with this 
compact unit. Generates 3 
patterns: dot, crosshatch and 
blank raster. Includes video 
modulator too! 
As described in EA 


Nov 83 
Cat K-3472 















Drop 
and check out 
our full kit 
range... there 
something fo 
everyone! 





PTY LTD 


We’ve got to make room for new 
stocks. That means everything must go 
NOW! Big savings on components. 
Note: Not available at every store. 
Please phone your nearest DSE to 
avoid disappointment. 





Ligele(-M-Tate(Viig(-t-m iol lerelsnt-mlolmielcel-Melce(- etm celm ills mlialeniiiceiifelsm el(-veli-mm el slelai- mo) Pel mtr, 888 3200 


R-1206 1.5 Ohm .5W/ carbon film resistor 
R-1208 1.80hm .5W carbon film resistor 
R-1232 18 Ohm .5W' carbon film resistor 
R-1244 56 Ohm .5W carbon film resistor 
R-1252 120 Ohm .5W carbon film resistor 
R-1256 180 Ohm .5W carbon film resistor 
R-1264 390 Ohm .5W carbon film resistor 
R-1272 820 Ohm .5W carbon film resistor 
R-1280 1.8k Ohm .5W carbon film resistor 
R-1282 2.2k Ohm .5W carbon film resistor 
R-1288 3.9k Ohm .5W carbon film resistor 
R-1296 8.2k Ohm .5W carbon film resistor 
R-1300 12k Ohm .5W carbon film resistor 
R-1302 15k Ohm .5W carbon film resistor 
R-1318 56k Ohm .5W carbon film resistor 
R-1326 120k Ohm .5W carbon film resistor 


R-1020 5.6 Ohm .25W carbon film resistor 
R-1022 6.8 Ohm .25W carbon film resistor 
R-1032 18 Ohm .25W carbon film resistor 

R-1052 120 Ohm .25W carbon film resistor 
R-1070 680 Ohm .25W carbon film resistor 


R-1700 .SW metal film resistor 
R-1702 .5W metal film resistor 


iy 


R-0586 3.3k Ohm .25W metal film resistor 
R-0632 220k Ohm .25W metal film resistor 
R-0634 270k Ohm. .25W metal film resistor 
R-0646 820k Ohm .25W metal film resistor 
R-1014 3.3 Ohm .25W metal film resistor 


R-1428 12 Ohm 1W carbon film resistor 
R-1452 120 Ohm 1W carbon film resistor 
R-1460 270 Ohm 1W carbon film resistor 
R-1462 330 Ohm 1W carbon film resistor 
R-1470 680 Ohm 1W carbon film resistor 
R-1472 820 Ohm 1W carbon film resistor 
R-1508 27k Ohm 1W carbon film resistor 
R-1526 120k Ohm 1W carbon film resistor 
R-1564 4.7M Ohm 1W carbon film resistor 
R-2221 2.7pF SOV ceramic cap 

R-2223 3.3pF 50V ceramic cap 

R-2227 4.7pF 50V ceramic cap 

R-2233 8.2pF SOV ceramic cap 

R-2235 10pF 50V ceramic cap 

R-2237 12pF 50V ceramic cap 

R-2241 18pF SOV ceramic cap 

R-2251 47pF 50V ceramic cap 

R-2297 390pF 50V ceramic cap 

R-2305 820pF 50V ceramic cap 

R-2309 .0022uF 50V ceramic cap 

z-4029 LED 3mm diam. angular red 
z-4031 LED 3mm diam. orange 

Z-4033 LED 3mm diam. yellow 

2-4037 LED 3mm diam. clear/red 

z-4038 LED 5mm diam. clear/red 


R-2020 
R-2030 
R-2040 
R-2045 
R-2062 
R-2067 
R-2075 


.0022uF 100V greencap ean 
.0039uF 100V greencap (5%) 
.0056uF 100V greencap (5%) 
.0068uF 100V greencap (5%) 
.018uF 100V greencap (5%) 
.027uF 100V greencap (5%) 
.039uF 100V greencap (5%) 
R-2080 .047uF 100V greencap (5%) 
R-2095 .082uF 100V greencap Lae 
R-2102 .12uF 100V greencap (5%) 
R-4025 3.3uF 25V electrolytic cap RT 
R-4030 4.7uF 25V electrolytic cap RT 
R-4055 10uF 16V electrolytic cap RT 
R-4290 0.47uF 5OV electrolytic cap RB 


.06 
R-1150 1.2M Ohm .25W carbon film resistor . 


R-4300 2.2uF 25V electrolytic cap RB .30 
R-4310 4.7uF 25V electrolytic cap RB .30 
R-4319 22uF 25V electrolytic cap RB .30 
R-4330 33uF 10V electrolytic cap RB .30 
R-4350 47uF 25V electrolytic cap RB 00 
R-4390 220uF 25V electrolytic cap RB RY i 
R-4397 330uF 10V electrolytic cap RB Wie 
R-4407 470uF 10V electrolytic cap RB 9 
R-4630 10uF SOV electro cap bipolar 65 
R-4725 1.5uF 35V tantalum cap 95 
z-2244 2N3905 GP amp & switch transistor .35 
Z-2320 2N4250 low level amp transistor els) 


R-1660 270 Ohm 5W carbon film resistor 60 
R-1672 820 Ohm 5W carbon film resistor 60 


R-1767 2k Ohm trimpot Smm horizontal 60 
R-1781 470k Ohm trimpot 5mm horizontal 60 
R-1949 200k Ohm trimpot 5mm vertical 55 
R-1957 200: Ohm trimpot 10mm vertical 55 
R-1961 5k Ohm trimpot 10mm vertical 55 
R-1966 200k Ohm trimpot 10mm vertical 55 
R-1967 500k Ohm trimpot 10mm vertical 55 
R-1968 1M Ohm trimpot 10mm vertical 55 
R-1991 47k Ohm trimpot 10mm vertical 40 
R-1992 2.2M Ohm trimpot 10mm vertical AO 
R-1993 10k Ohm trimpot 10mm vertical 40 
R-4130 100uF 25V electrolytic cap RT - 45 
z-4040 LED 2mm x 5mm rectangular red .30 


z-4042 LED 2mm x 5mm rectangular green .30 


R-2125 .39uF 100V green cap 5pct 35 
R-2917 10-100pF trimmer cap (red) oo 
z-4155 LED display 7 segment common cath. 2.15 


R-2725 .047uF 240VAC polycarbonate cap _—.65 
R-2807 33pF 630V styro cap 90 


R-2809 39pF 630V styro cap 50 
R-2811 af 630V styro cap | 00 
R-4175 1000uF 16V electrolytic cap RT 1.05 


z-4901 74LS01 IC quad 2 input and gate 85 
z-4904 74LS04 IC hex inverter .85 
z-4908 74LS08 IC quad 2 input and gate .85 
z-4910 74LS10 IC triple 3 input nand gate  .85 
Z-4914 74LS14 IC hex schmitt trigger .85 
z-4920 74LS20 IC dual 4 input nand gate .85 
2-4927 74LS27 IC triple 3 input nor gate .90 
Z-4930 74LS30 IC 8 input nand gate .90 
z-4912 74LS11 IC triple 3 positive andg .85 
z-5010 7400 IC quad 2 input nand gate 55 
z-5011 7401 IC quad 2 in nand open colct .55 


z-5012 7402 IC quad 2 input nor gate 10 
Z-5615 4015 shift register dual 4 stage 1.40 
z-5682 4082 and gate dual, 4 input © .85 
H-3843 knob alum metric silver 1.25 
R-4180 1000uF 25V electrolytic cap RT 1.40 

1.00 


z-5410 74C00 nand gate quad, 2 input 


z-5808 74HC08 and gate quad, 2 input 1.25 
z-5811 74HC11 and gate triple, 3 input 1.20 
2-5827 74HC27 or gate triple, 3 input 1.40 
2-5830 74HC30 nand gate, 8 inputs 1.40 
2-5832 74HC32 or gate quad, 2 input 1.40 
z-5874 74HC74 flip flop dual, D edgetrig a 


72-6622 4022 counter divide by 8 (10F8) 


27-5646 4046 PLL phase locked loop 1.95 
z-5886 74HC86 exclusive or gate, quad 1.45 
27-5915 74HC138 decoder multiplxr, 1 of 8 2.50 
2-5920 74HC139 decoder dual, 1 of 4 2.50 


Z-2005 MJE2955 gen purpose power trans 
Z-2072 2N3460 N/ch fet : 

Z-2130 2N3053 general purpose switch 
z-5023 7413 IC DL4IN nand schmitt trig 
z-5075 7475 IC quad bistable latch 

2-5283 74LS$132 IC Q 2 in nand schmitt trig 
z-5290 74LS174 IC hex D-type flip flop 
z-5015 7405 IC hex invertor open colct 
z-5647 4047 multivibrator mono/astable 
z-5740 4518 counter dual sync div by10 
H-3804 knob plastic metric blue 16mm 
H-3806 knob plastic metric green 


— st ot et A NO ND 
“SIN & PON OO HO | OG 
AO OO © 010 0101S © 


— — PON 


H-6626 6 pole tagstrip 

z-4931 74LS31 IC delay line 

z-4999 74LS190 IC up/down decade countr 
2-5000 74L$191 IC up/down binary countr 
z-5288 74LS165 IC par load shift regist 
Z-5644 40441flip flop r/s quad. nand logi 
z-5742 4520 counter dual, sync, div by16. 
Z-5744 4526 counter binary, divide by n 
z-5885 /4HC85 comparator, 4 bit magnitud 
z-5960 74HC367 buffer hex, 3 state 


AaAoan 


NIN NA retetetie 
GI~J NO Po wo wo 
OOOH EN Sol 


2-5298 74LS240 octal buff/line driver 
2-5300 81LS95 octal driver tristate 3.60 


R-6834 10k linear 6mm dual gang pot 

z-5047 7447 IC bcd 7 segment decode/driv 
2-5293 74LS241 IC octal buff/line drive 
2-5296 74LS221 IC d monostable multivib 
z-5930 74HC165 shift register, 8 bits 

z-5945 74HC240 octal buff/line driver 

z-5965 74HC373 octal transparent latch 
Z-9310 4116 RAM dynamic 16K x 1 memory 
H-6710 BP connector pkt 10 240V 


NM &PWWM~mppnp 
(© G2 00 Co MINI = OO 
AQAA AnaTonG 


H-1972 Cable clamp h/d pkt 5 


2.05: Nias 

H-5618 PC board experimenter 5.45 1.50 
H-6770 Jalco terminal board 3.85 1.20 
R-4572 2500uF 80V electrolytic cap RP 4.00 1.50 
R-4575 22000uF 16V electrolytic cap 13.75 1.50 
z-5376 740173 register 4 bit D type 3.60 1.50 
z-5955 74HC245 octal bus transceiver 3.85 1.20 
Z-6104 LM1872N radio control.receiver 8.75 1.80 
2-6520 ZN414 racio IC, AMtuned RF 5.45 1.50 
H-1500 Screws metric s/t pk 160pc’s 3.50 2.00 
-_H-1505 screws metric s/t pk 150pc’s 3.50 2.00 
H-1510 SCrews metric machine 320pc 5.95 2.50 
H-1515 SCrews metric c/s mach 270pc 5.95 -2.50 
H-1520 nut metric asst pack 340pc 7.50 2.50 
H-1525 washers metric asst pack 680pc 8.25 2.50 
R-6915 1k ohm wire wound pot 5W 6mm 6.95 2.00 
z-5374 74C157 data selector quad, 1 0f 2 4.95 2.20 
2-5378 74C221 monostable dual schmitt 3.85 2.10 
z-5380 740922 encoder 16 key keyboard 10.45 4.50 
Z-6816 MM5865N timer IC universal 6.05 4.00 
2-9209 2732A eprom 2k X 8 memory IC 8.75 3.95 


2-9312 4164 RAM dynamic 64k x 1 mem. 8.25 3.50 


H-5692 Scotchcal 8001 10x12 red allum 10.95 5.00 
2-1815 2SK134 pwr mosfet NCH 9.85 5.00 
Z-2509 MRF629 UHF RF output transistor 18.15 5.00 
Z-9206 2013 character generator 64 x 8 x 517.55 8.95 
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Stalespihig Savings 


We’ve got books covered... Save $$$ 


The World of Satellite TV |Home Satellite TV 


Everything you ever wanted to know about 
satellite TV: satellites, programming, what 
equipment you need and more! 


Cat B-1842 


up on the shack wall. Cat B-2264 


Was $5.95 Now $3 off! 


Confidential Frequency 


List 


List of all those frequencies you’d love to pick 
up... maybe hear the President on Air Force 
One... armed forces and even spy networks. 


Covers most HF listings to 30mHz. 


Cat B-9602 


Was $21.95 Save $6 





46° 


Radio Amateur Prefix Map 


Large map details the prefix on each country 
PLUS DX zones. The perfect companion to put 


34.5% 







Gets down to the practicality of setting up a 
satellite TV station. Sure it can be done, but 
this 326 page source book makes it easier! 

Cat B-1840 


Was $19.95 Save $9.95 


All About Cubical Quad 
Antennas 


40 


5) HA classic publication on Quads... new 
dimensions, revised gain, mini and monster 
Quad construction. Even dimensions for 6-80 





metres. Cat B-2304 


Was $7.50 Save $2.55 
The Radio Amateur 
Antenna Handbook 


Want to know about antennas? This is the 
book! Everything from beams, verticals to 
slopers — including info on 
use and losses. Cat B-2308 


$ 4s 


_WAS $18.45 








$95 


ONLY WHILE 
STOCKS LAST! 
Handbook of Advanced 


Robotics 


Besides the ‘what for’ and ‘how can do’ of 
sophisticated robotics, this amazing book 
contains instructions on how to build your own 


remote controlled robot. Cat B-1800 l 
Was $29.95 Save $16 $4 3” 


Beam Antenna Handbool 


A wealth of information! Dimensions for 6-40 
metres, how to construct triband and compact 


beams... and much more! Cat B-2306 
Was $15.95 Save $7 ‘8% 


VHF Handbook For $795 
Amateurs WAS $16.45 


Great book for every amateur! Covers FM 
theory, operation and procedure. VHF antenna 
design and construction. Satellite and 


~moonbounce communication. Cat B-2300 





fe} *{ i Reley.Wile)) |. 


NSW ACT Cnr Pacific Hwy & Kingston Rd Underwood (07)341 0844 
Swift & Young Sts. Albury (060)21 8399 96 Gladstone St Fyshwick (062)80 4944 SA 

T55 Terrace Level Bankstown Sq (02)707 4888 VIC 77 Grenfell St Adelaide (08)232 1200 
Shop 1, 65-75 Main St Biacktown (02)671 7722 Creswick Rd & Webster St Ballarat (053)31 5433 Main South & Flagstaff Rds Darlington (08)298 8977 
613 Princess Hwy Biakehurst (02)546 7744 #145 McCrae St Bendigo (054)43 0388 =Main North Rd & Darlington St Enfield (08)260 6088 
Oxford & Adelaide Sts Bondi Junction (02)387 1444 =Shop 46,Box Hill Central,Main St Box Hill (03)890 0699 24 Park Terrace Salisbury (08)281 1593 
Shop 2, 1B Cross St, | Hawthorn Rd & Nepean Hwy __ East Brighton (03)592 2366 WA 

Warringah Mall Brookvale (02)93 0441 260 Sydney Rd Coburg (03)383 4455 = Wharf St & Albany Hwy Cannington (09)451 8666 
Campbelltown Mall Queen St Campbelitown (046)27 2199 1150 Mt Alexander Rd Essendon (03)379 7444 ~—66 Adelaide St Fremantie (09)335 9733 
Shop 235, Archer St Entrance Chatswood Chase (02)4111955 Nepean Hwy & Ross SmithAve Frankston (03)783 9144 = William St & Robinson Ave North Perth (09)328 6944 
147 Hume Hwy Chullora (02)642 8922 Shop 9110, High St Geelong (052)43 8522 = =Raine Square, 125 William St Perth City (09)481 3261 
164 Pacific Hwy Gore Hill (02)439 5311 291-293 Elizabeth St Melbourne City (03)67 9834 TAS 

315 Mann St Gosford (043)25 0235 Bridge Rd & The Boulevarde Richmond (03)428 1614 = Shop 40A, Lower Level Hobart 

4 Florence St Hornsby (02)477 6633 Springvale & Dandenong Rds_ = Springvale (03)547 0522 = Cat & Fiddle Arcade (002)31 0800 
Elizabeth Dr & Bathurst St Liverpool (02)600 9888 QLD NT Stuart Park 

450 High Street Maitiand (049)33 7866 = 157-159 Elizabeth St Brisbane City (07)229 9377 17 Stuart Hwy (089)81 1977 
621-627 The Kingsway Miranda (02)525 2722 166 Logan Rd Buranda (07)391 6233 

173 Maitland Rd, Tighes Hill Newcastie (049)61 1896 Gympie & Hamilton Rds Chermside (07)359 6255 

Lane Cove & Waterloo Rds North Ryde (02)88 3855 Queen Elizabeth Dr & Bernard St Rockhampton (079)27 9644 A 

George & Smith Sts Parramatta (02)689 2188 = 2nd Level Western Entrance ND 

The Gateway High & Henry Sts Penrith (047)32 3400 #=Redbank Shopping Plaza Redbank (07)288 5599 Mi WwW 

818 George St Railway Square (02)211 3777 Gold Coast Hwy & Welch St Southport (075)32 9863 NO EN 

125 York St Sydney City (02)267 9111 Bowen & Ruthven Sts Toowoomba (076)38 4300 oP 

Treloar's Bidg, Brisbane St Tamworth (067)66 1711 Kings Rd & Woolcock St Townsville (077)72 5722 

263 Keira St Wollongong (042)28 3800 


Dear Customers, 

Quite often, the products we advertise are so popular they run out within a few days, or unforseen circumstances might hold up shipments so that advertised lines are not in the stores by the time the 
advert appears. And very occasionally, an error might slip through our checks and appear in the advert (after all, we’re human too!) Please don’t blame the store manager or staff: they cannot solve 
a dock strike on the other side of the world, nor fix an error that’s appeared in print. If you’re about to drive across town to pick up an advertised line, why not play it safe and give them acall first... just 
in case! Thanks. Dick Smith Electronics. 


MAJOR DICK SMITH ELECTRONICS AUTHORISED RESELLERS 


NSW: ¢ Ballina: A. Cummings & Co. 91-93 River St 86 2284 ¢ Ulladulla: Pauls Electronics, 10 Wason Street, 55 3989 ¢ Bowral: F.R.H. Electrical, 28 Station St 61 1861 ¢ Broken Hill: Hobbies & Electronics, 31 Oxide St 88 4098 * Charlestown: 

Newtronics 131 Pacific Hwy 43 9600 e C Harbour: Coffs Harbour Electronics, 3 Coffs Plaza, Park Ave. 56 5684 ° D : Deni Electronics, 220 Cressy St, 81 3672 © Dubbo: Mavins Electronics, 35 Talbragar St, 82 8500 ¢ Gosford: 

Tomorrows Electronics & HiFi, 68 William St, 24 7246 « : Decro 3A/6-18 Carrington St, 21 4137 © Port Macquarie: Hall of Electronics, Horton Centre, Horton St, 83 7440 © Orange: Fyfe Electronics 173 Summer St, 62 6491 
© Springwood: Wellington's Electrical Discounts 115 Macquarie Rd, 51 4888 *Taree:Brad's Electronics Shop 6, Civic Cinema Centre, Pulteney St, 52 6603 ¢Tumut:Tumut Electronics Wynyard St, 47 1631 © Tweed Heads: Stuart Street 
Electronic Sales, Stuart St, 36 5744 ¢ Wagga: Phillips Electronics 60 Forsyth St, 21 6558 * Windsor: M & E Electronics, Sh 7, Mc Ewans Arcarde, 206 George St, 77 5935 *Young: Keith Donges Electronics 186 Boorowa St 82 1279 VIC: 
© Echuca: Webster Electronics, 220 Packeham St 82 2956 ¢ Mildura: McWilliams Electronics 110A Langtree Ave, 23 6410¢ Morwell: Morwell Electronics, 95 George St, 34 6133 * Shepparton: GV Electronics Centre 100 High St, 21 8866 
QLD:« Bob Elkin Electronics, 81 Bourbong St, 72 1785 ® Caims: Electronic World Shop 27 K-mart Westcourt Plaza, 51 8555 * Caloundra: Hume’ s Electro-Mart, 9 Tay Ave, 91 4270 © Gladstone: Supertronics, 9 Tank St, 72 4321 
© Mackay: Stevens sit ela 42 Victoria St, 511723 °M ; Keller Electronics, 218 Adelaide St, 21 4559 © Mt Isa: Outback Electronics Shop 71 Barkley Hwy 43 3331 e Nambour: Nambour Electronics Shop 4, Lowan House, Ann 
St, 41 1604 cess Electronics, 15 East St, 21 058 SA: ¢ Mt Gambier: Hutchessons Communications, 5 Elizabeth St, 25 0400 ¢ Whyalla: Eyre Electronics Shop 2 Forsythe St, 45 4764 WA: ¢ Albany: Micro Electronics 133 


Rockhampton: A 
Lockyer Ave 41 3432 TAS: e i acaeeaton: Wills Electronics 5A The Quadrant, 31 5688 


RESS ORDER SERVICE Ome AS PLIVERY 


Use your Bankcard, Mastercard or Visacard. 

Just Phone 008 22 6610 (toll free) for, despatch of your orders. 

Enquiries: By mail or phone (02) 888 2105 — Fax (02) 888 3631 

— Telex AA10036 

POST & Order Value Charge Order Value Charge 

PACKING $5.00- $9.99 $2.00 $50.00-$75.00 $6.50 

CHARGES $10.00-$24.99 $3.50 $75.00 or more N.A. 
$25.00-$49.99 $4.50 


Er Ciomers Creat igciies watadie ous" CY GTA PY’UTO Tel: 888 3200 
Adelaide: 10 Pulteney St, Adelaide ?p. O. Box 324, North Ryde N. S. W. 24 43 


Offer concludes on 31/10/86 or until stocks last. Prices can be increased without notice due to fluctuations in currency, high 
interest rates, government taxes and imports. 
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For some obscure reason, estab- 
lishing the root-mean-square (rms) 
value of an alternating voltage seems 
to be among the least familiar pro- 
cedures for many an electronics hob- 
byist; measuring the alternating volt- 
age may be easy, but deciding on the 
relevant unit expressing quantity — 
rms, mean, or peak-to-peak value — 
is quite another matter. 

Since the rms value of an alternating 
voltage is the most frequently used of 
the above mentioned three, some 
convenient means of obtaining that 
value without calculations may be of 
interest in practical measuring tech- 
niques. 

The rms value of an alternating 
voltage U across a resistor # equals 
the direct voltage causing the same 
dissipation level in 2. 

Example: a 50% duty factor, 1 Vpp 
rectangular voltage across a resistor 
FR. Find the rms level of this voltage. 
The mean dissipation in #, caused by 
this periodic signal equals 

42 (Upp*/R = 1/(2R) [W] 
The direct voltage causing the same 
dissipation has a level of 

Yy2~0.11 V, since P = (% 4)*/R = 
lH2R) [W]. 
This is also the conversion factor for 
obtaining the rms value from the 
peak-to-peak value, since 

Urms = V¥2U pp? = % y2 Upp ~ 
0.71Upp[V] 
therefore Upp ~ 
example. 


1.41Urms in this 


Parts list 


Resistors: 
R1=1M;1% 
R2= 10k;1% 
R3 = 1002;1% 
R4:R5 = 10k 
P1= 100k preset 


Capacitors: 

C1=4.7;25 V electrolytic 
C2 = 1p;MKT | 
C3;C4= 100n 


Semiconductors: 


D1;D2= 1N4148 
IC1 = CA3140 
IC2 = AD536J 


Miscellaneous: 

S1= miniature switch 

$2= toggle switch 

PCB Type 86462 (see Readers Services) 


Although moving’ coil meters 
measure the mean value of the recti- 
fied (pulsating) input voltage, they 
are calibrated in terms of rms 
voltages. Therefore, the calibration is 
only valid for sinusoidal voltages. 

The proposed rms-to-DC converter is 
a relatively simple circuit as it incor- 
porates a dedicated chip, the Type 
AD536 by Analog Devices. Alter- 
nating voltages applied to input ter- 
minal |] are proportionally converted 
into a direct output current, which 
causes a direct output voltage across 
an internal 25 kohms precision re- 
sistor; a buffer opamp outputs the 





AD536J 
8 
ks 


direct voltage equivalent (i.e. rms 
value) of the input alternating voltage. 
IC: functions as an input buffer in 
view of the relatively low input im- 
pedance of the rms converter chip. 
The maximum permissible peak-to- 
peak value of the input voltage to the 
Type AD536 equals the symmetrical 
supply voltage level; Di and D2 have 
been added to protect IC: against 
accepting input voltage levels in ex- 
cess of the + supply voltage. Sz func- 
tions as a X1/x10 input attenuation 
selector to enable high voltage 
measurements; the function of Si is 
to block any DC components in the 





2 
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input signal to the converter. It is 
useful to realize that the rms value of 
a composite (AC+DC) signal is 
calculated from 

Orms = V Onc? + Uac?. 

Preset P: should be turned to obtain 
0V with respect to ground at ter- 


minal 6 of ICz2 with no input signal 
applied and Sz set to the x1 position. 
The converter achieves an accuracy 
of 1% for input voltage levels lower 
than 100 mV and input frequencies 
up to about 6 kHz. For signals up to 
1 V, the bandwidth is expected to be 


rodents deterrent 


There are a number of well-founded 
arguments against the use of poison 
to get rid of mice, rats and other 
rodents in and around the home. 
From an ecological point of view, the 
undesirable side effects are mainly 
the disturbance of the natural food 
chain of animals we do not wish any 
harm whatsoever; most poisonous 
substances devised to exterminate 
mice are, unfortunately, quite difficult 
to break down compounds, which 
may, in the end, become manifest as 
dangerous to our own health. 

The ecologically accepted method 
of getting rid of a population of mice 
is, therefore, based on the controlled 
introduction of such predators as cats 
and owls, causing a high degree of 
stress on part of the mice, which are 
then quite quick to leave the relevant 
premises or area. 

Another method of bringing about a 
high degree of stress is to produce a 
high-pitch, frequency-swept signal 
just above the audible range for 
human beings. The signal is swept 
rather than of constant frequency in 
order to prevent mice from becom- 
ing immune to the sound. 





Parts list 


Resistors: 
Ri=Tk 
R2;R3= 15 k 


Capacitors: 

Ci=1n 

C2= 1;16 V electrolytic 
C3=10n 

C4a=220 n 

Cs5= 1000y; 16 V electrolytic 


Semiconductors: 


D1...D4=1N4001 
IC1 = 555 


Miscellaneous: 


Tr1=6 V;200 mA. 

TD1= piezo horn tweeter. 

F1=50 mA, fuse, slow. 

Fuseholder, PCB type, for F1. 

PCB Type 86490 (see Readers Services). 
ABS enclosure for wall mounting. 
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The proposed rodents deterrent is 
based upon the Type 555 timer chip, 
which is configured to produce a 20 
to 40 kHz output signal, swept at a 
50 Hz rate. The latter frequency is ob- 
tained from the mains by means of 
C4 and R3:, which pass. the 
modulating signal to input pin 5. The 
output of the swept oscillator is con- 
nected direct to a high-efficiency 
piezo-ceramic horn tweeter, which 


— 








of the order of 40 kHz, while 100 kHz 
may be attained with input voltages 
above the 1V level. Current con- 
sumption of the circuit is about 5 mA. 


(TW) 


...D4 = 1N4001 


Cc 


5 
1000p fev 
' 47 


énsures a sufficiently high sound 
pressure level to keep rodents out of 
reasonably sized areas, such as attics 
and garages. 

The completed rodents deterrent cir- 
cuit, along with the tweeter, may be 
mounted in a simple ABS enclosure, 
but care should be taken to observe 
the directivity of the loudspeaker 
when fitting the unit in its final pos- 


ition. (W) 
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7 PRESIDENT LANE, CARINGBAH, N.S.W. 2229 
PHONE: (02) 524 7878 
P.O. BOX 626, CARINGBAH 2229 


Bankcard and Mastercard Welcome. 


Caps at no extra cost. 


COMPONENTS 

Modem IC 7910.............0005 $28.00 
5 i a ae a Oe $ 9.00 
OG i eh ee en he $ 5.00 
Res Sp hin Ane? BREA $ 4.00 
SFH601 Optocoupler............. $ 5.50 
TAR Gt Me heli $ 1.30 
I ae le Od 8a cs Sw alls ay $ 1.30 
NR TI bic re tah gang od nd bests $ 7.80 
ro WEG ae Pa Re ae 2 $13.50 
A Mine crystal fees oe yee $ 5.90 
2.4576 Mhz.............-e eee ee $ 3.90 
CAPACITORS 

2uF/440 VAC SHIZUKI........... $10.50 
1pF/250 VAC PHILIPS ........... $ 2.90 
MKT 0.22/1000V ............--5- $ 3.30 
MKP 1puF/250V 10%............. $ 3.90 
0.1pF/250 VAC 50Hz............. $ 1.00 
POLYESTER 

6001 60008 36. etki wtsae: $0.25 
A Ram Fd tile seal alone ane $0.27 
ee ts OE 8 Oi Sin ae eee $0.35 
Cd a ee eT oe $0.55 


Mosfet Transistors for 
AEM 6000 Ultra Hi Fi 200W AMP 


$28.00/pair 


@ 300 W 50 x 50V ILP toroidal transformer 
@ 500 W 50 x 50V ILP toroidal transformer 


@ 2SK176 


@ 2SJ56 


Z-NIX MOUSE FOR YOUR IBM PC/XT 


3 Button with invF card, compatible with PC Paint, Paint- 


brush, Autocad, Lotus, etc. 





SUPER 5 PRINTERS 


from $499 


INTELLIGENT MODEM KIT 
COMPLETE KIT AVAILABLE 


$42 


All PCB’s are gold plated with components silk-screen 
printing & green solder mask (with plated through oles on 
the main PCB). This will save you hours of soldering! IC 
sockets are supplied for all IC’s and only one side of the 
main board needs to be soldered. Apart from all 
components supplied as specified, all filter ceramic caps 
are replaced by the higher quality monolithic ceramic 


ELECTROLYTIC CAPS 





250IN TO 
3-232 PORT 





Mail Order Postage 
LOS THON SOO. occ oe ee ekg ease enn $3.50 
NE Cah one oe gh a shy YO wh ochow ow e, N $4.50 
SS cB es ey a etd Who 3 4 a lee AMES $7.00 


Pa AO oc ioc ee veka ph oe 9 0 eae ale 
Heavy items adds extra 










AEM 4505 CODE-TO-SPEECH A 
SYNTHESISER KIT........... $1 


including doulbe sided gold plated PCB with plated through 
holes, IC sockets, all components except the eprom. 





(INCLUDING 
POWER SUPPLY) 





COMPATIBLE 
COMPUTER 





POLYESTER BS pe no Sead 
OCIS 565 eis PS ak etl Hae $1.00 — e — 
ViFIBON sick Vo aep aisle she eee $1.25 wee 


SPECIAL 

0.1pF to 0.47pF/50V...... $1.00/10 PCS 
1pF to 22uF/16, 25, 50V .. $1.20/10 PCS 
33uF to 100uF/16V, 25V .. $1.50/10 PCS 
220uF to 470uF/50V...... $2.50/10 PCS 





640k 8 slots NEC 8088 CPU 


$450.00 
MULTI I/O CARD (serial, 1 parallel, game port, floppydrive 


1w0DgeABV ok oh On GOO BOS F COOIONGTT fin iiand Jia Snide l deren aes $288.00 
2200uF/16, 1000uF/S0V. .$12.50/10 PCS | Colour graphic card................ 06... c eee ee $180.00 
SSD0NE/OEN <6 oak $13.50 each § National disc drive 360k D/S..................... $275.00 
SAGO SFIBOW, (e055 vs cn $2.50 each f IBM PC/XT keyboard....................0000005, $160.00 
ATOOMFISOV. e's Smeg $3.00 each f IBM AT style keyboard for XT.................0.. $185.00 
VOOUF/IOOV.. 0... $1.80 each J Metal Computer case................ 000 cee eee $120.00 
10,000nF/100V/Bracket See $60.00 each 135W switching power supply..------- +--+ +++ +ee- $ 199.00 
ALL CERAMIC CAPS SUPER XT 640k 2 DRIVES SYSTEM...........-.-. $1750.00 
ADF 10 GOAT oo ods sc $0.95/10 PCS 20 MBYTES MINISCRIBE HARDDISC & 

MONOLITHIC CERAMIC CONTROLLER a O6l ee Oe ahem 82 @ 8 6 et ee a 8 SO SO 1G. 6. 0.4% $1 299.00 
8.099; Ot eF oc ick sedate $0.35 each 


JOYSTICK FOR IBM COMPUTER 
600/600 ohm tel transformer....... $17.50 : 


(complete kit also 
available) 


$75.00 
$99.00 


Keyboards for IBM PC/XT or APPLE Il, Il 


83 keys with 10 function keys & numeric keypad 
(Ring for prices on Diskdrives, Switchmode power supplies 


(180 watts & Cases) 
640K COLOUR GRAPHIC & 2 DRIVES 


with | $ 2570 


@ TVM 14” Colour Monitor 





$160.00 


@ Parallel/serial/games port/clock and 
@ 2 boxes of diskettes plus 
@ storage box 


TVM 14” COLOUR | 
MONITOR 


@ 16 Colour 
@ 640 x 400 (interlaced) 


All parts available separately 
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YOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS... WOOD FOR CHIPS... 
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ESCORT EDC-110A 
CAPACITANCE METER 


Check values and match capacitors for 
critical applications. Covers 200pF to 
20,000 microfarads. Three and a half 
digit LCD display with 0.5% basic 
accuracy. Maximum resolution is 0.1pF. 
Fuse protection built-in. Complete with 
detailed manual and test clips $129.72. 














ESCORT ELC-120 
L/C/R METER 


Measures resistance, capacitance and 
inductance all in one handy instrument. 
Three and a half digit LCD display with 
typical 1% accuracy. Covers capacitance 
from 200pF to 200microfarads in seven 
ranges with 1% accuracy and 0.1pF max 
resolution. Inductance ranges are from 
2mH to 200H in 6 ranges with 0.1uH 
resolution and 2% accuracy. Also covers 
200hms to 20Mohms in seven ranges 
with 10millionm resolution and 1% 
accuracy. Supplied with test clips and 
detailed manual $264.32. | 



























SV POWERED DUAL RS232 ovr 
TRANSMITTER/RECEIVER ae 
MAX232 : 
Yes it meets all RS232C specs but only 

needs a 5V supply because it has built-in | 




















Te 
RB- 732 OUTPUT 





TTL/CmO8 


converters for the +10V and -10V power INPUTS 
supplies. Can also be used as a voltage 
quadrupler for input voltages up to 5.5V. 


Also contains 2 drivers and receivers. Uses pn | 
low power CMOS. Handles 30V input levels 

and provides a +9V output swing. Ideal for 

battery powered systems. $12.96 » 


aT 
8-232 OUTPUT 






] 
RE-732 MIPUT 


crs 
RS-232 MIPUT 














ADJUSTABLE VOLTAGE & 
CURRENT REGULATOR 
L200C 


Handles output currents up to 2A and 
voltages in the range 32V down to 2.85V. 
Thermal overload and short circuit 


protected. Input over-voltage protected to | 
60V. Only $3.16 : Programmable voltage regulator with 


current limiting 


CONVERT YOUR 
MULTIMETER INTO A 
THERMOMETER 


See ETI June 83 which features a project 
using the AD590JH (ETI-153). The 
ADS90JH produces an output current 
proportional to.absolute temperature. It’s 
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CONNECTORS ideal for remote sensing as long cable runs 
aaa have negligible effect on accuracy over a 

9-Way “D hundred metres or more! The simplest 

DE9P $2.30 circuit requires one resistor and one pot 

DE9S $2.40 and a battery, but better to build the proper 

Backshell $2.20 | circuit and get an accurate 10mV/degree 

15-Way “D” centigrade output to put into your DMM. 

DA15P $2.80 |The AD590JH is only $7.14 

DA15S $3.00 

Backshell : $2.20 

25-Way “D” 

DB25P $3.05 

DB25S $3.20 

Backshell $2.20 

37-Way “D” 

DC37P $8.00 

DC37S $8.70 | The original die cast box! Ideal for rf 

50-Way “D” shielding and heavy duty applications. 

DD50P $9.00 | Sizes given are outside dimensions - 

DDSOS = $9.80 | ED7969P 92.1 x 38.1 x 27.0mm 

Centronics 36 Solder Male $6.45 | ED6809P 1191x 936 x 524mm 

Centronics 36 Solder Female $9.50 | ED9830P 119.1 x 93.6 x 300mm 

Centronics 36 IDC Male $10.50 | ED6827P 187.1 x 119.5 x 52.4mm 

Centronics 36 IDC Female $11.85 | ED6357P 187.7 x 119.5 x 77.8mm 







32 kHz 2.4576 MHz 3.6864 MHz 4.9152 MHz 9.8304 MHz 16 MHz 
CRYSTALS } 1 MHz 2.5 MHz 4MHz ——-5.068 MHz_-—s 10 MHz 20 MHz 
Most popular crystals are available 4 9430 MHz 3.2768 MHz 4.194304 MHz 6 MHz 12 MHz 
ex-stock. Call us for latest pricing. 2 MHz 3.579545 MHz 4.433MHz = 8 MHz 14.318 MHz 


8.30 to 5 Monday to Friday, 8.30 to 12 Sat. 


Mail Orders add $5.00 to cover postal charges. 


All prices INCLUDE sales tax. 


Tax exemption certificates accepted if line 
exceeds $10.00. 


BANKCARD, MASTERCARD, VISA, CHEQUES 


GEOFF WOOD ELECTRONICS P/L 
(02) 427 1676 INC IN NSW 


229 BURNS BAY RD. © TWX 71996 
(CORNER BEATRICE ST.) P.O. BOX 671 
LANE COVE WEST N.S.W. LANE COVE N.S.W. 2066 


OR CASH CHEERFULLY ACCEPTED 


value 





specialising in electronic components for the professional and hobbyist. 
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INDUCTORS 
IN PRACTICE 


In spite of their apparent simplicity, inductors 

none the less offen pose problems, because 
Invariably they cannot be obfained ready-made 
le. they have fo be designed and wound by the 
constructor. This article aims at removing some of 

the obscurities surrounding this subject and 

showing that making an inductor is not such a 

daunting task as some fhink. 


An inductor is an elec- 
tronic component that 
possesses appreciable in- 
ductance. Self-inductance 
is the property of a circuit 
to oppose any changes in 
current flowing through 
the circuit: this manifests 
itself by the production of 
a voltage that tends to op- 
pose the change of cur- 
rent. This voltage is called 
the back-e.m.f. Mutual in- 
ductance is the 
phenomenon whereby 
voltage is induced in one 
circuit by changing the 
current in another. The unit 
of both self- and mutual 
inductance is the same: 
the henry, but their respec- 
tive symbols are Z and M 
(or £12). An inductor has an 
inductance of 4 henry if 
the back-e.m.f. in it is 1 
volt, when the current 
through it is changing at 
the rate of 1 ampere per 
second. . 
Inductors invariably consist 
of many turns of wire 
wound adjacent to one 
another on the same sup- 
port, called the former, but 
in high-frequency appli- 
cations they are often self- 
supporting (i.e., air-cored). 
The former may also be of 
ferromagnetic material to 


increase the inductance 
many hundreds of times. 
Unfortunately, so-called 
eddy currents are induced 
in the ferromagnetic 
material, and these in- 
crease the DC resistance 
in a practical inductor. 
Powdered-iron cores are, 
therefore, used at high fre- 
quencies because their 
high resistivity makes 
eddy-current losses 
negligible. Such ferrite 
materials are not as useful 
as iron at low frequencies, 
however, because mag- 
netic saturation restrict the 
maximum power level of 
the inductor. 

Inductors have a fre- 
quency -dependent resist- 
ance (called reactance) 
to AC currents, and an 
ohmic resistance, which is 
primarily due to the wire 
from which the inductors 
has been wound. The 


reactance, Xi, is equal to 


wl, where w=2n/, in which 
fis the frequency of oper- 
ation, and Z is the induct- 
ance in heries. The ratio of 
the reactance to the 
ohmic resistance, i.e. wllR 
is called the 6Auality) fac- 
tor of the inductor. The 
combination of reactance 
and resistance is called 


the impedance, Z. 

An inductor is generally 
called a choke if its main 
purpose is to present a 
high reactance to AC cur- 
rents. At high frequencies 
it is often sufficient to run 
the supply or bias lines in 
a circuit through small fer- 
rite beads to effectively 
prevent these lines picking 
up (and radiating) RF 
signals. ; 
Where spurious coupling 
with other circuit elements 
is to be avoided, the 
diameter of the choke 
should be kept small as a 
practical way of narrow- 
ing the magnetic field 
around it. Pot cores are 
another means of ob- 
viating radiation and 
spurious Coupling. 
Nowadays, designers have 
a wide choice of cores 
and formers for all types of 
application. 

It should be noted that a 
wide range of standard RF 
chokes is available from 
most good electronics 
suppliers. These Compo- 
nents are usually wound 
on a ferrite core and are 
encapsulated to prevent 
stray fields around them. 
The Q-factor of these 
chokes is often good 
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enough to allow their use 
in tuned circuits. However, 
if they are to be used in 
filters, they should have a 
resistance of not more 
than 0.8 ohm per milli- 
henry, and they must be 
ferrite-encapsulated. Non- 
encapsulated types must 
be separated by at least 
one diameter, or an earth- 
ed screen placed be- 
tween them. 


Inductors in 
funed circults 


Inductors for use in tuned 
Circuits, such as oscillators 
and filters, should nor- 
mally be specially wound 
for the purpose to ensure 
correct inductance, resist- 
ance, @-factor, and di- 
mensions. 

Losses in inductors are 
mainly due to the resist- 
ance of the wire used for 
winding the inductor, and 
the so-called skin-effect. 
Since RF currents travel 
mainly along the surface 
of a wire, this is often 
silvered to keep I?R losses 
low. Where large wire 
diameters are necessary 
to achieve a certain in- 
ductance, it is possible to 


> 


L = 185 uH 





use hollowcopper tube to 
wind the inductor, since 
this may considerably 
lower its total costs and 
weight; from an RF point of 
view, it makes no differ- 
ence whether the wire if 
hollow or solid, because 
of the skin-effect. However, 
it should also be noted 
that a solid wire has con- 
siderably lower resistance 
than a hollow wire of 
identical diameter. Since 
an increase in resistance 
inevitably causes a lower 
Q factor (see formula (10), 
the hollow tube is gener- 


ally only used for relatively 


low frequency appli- 
cations, where con- 
siderable currents flow, eg. 
in the case of short-wave 
power amplifier tank Coils, 
or antenna tuning units. 
As already discussed, 
designing for a known Q 
factor is accomplished by 
careful consideration of a 
number of factors that 
relate to practical induc- 
tor winding data. To illus 
trate the relative import- 
ance of these factors, 

Fig. 1 shows a number of 
Q@ factor curves obtained 


with different winding data | 


to obtain a given induct- 
ance. From these and 
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Listing 1. This program, 
written In MBASIC, will 
come up with the number 
of turns for a circular or 
square inductor, given the 
target inductance, wire and 
coil diameter. 





other experimental data, 
the following rules of 
thumb have emerged to 
obtain a high Q factor: 
4. The ratio of the inductor 
length to diameter 
should be between 0.5 
and 2. 
2. The ratio of inductor to 
wire diameter must be 
greater than about 5. 
3. For long coils, the 
spacing between turns 
should be 0.7 times the 
wire diameter. Short coils 
are best close-wound, or, 
where this is less desirable, 
with a turn-spacing not 
wider than 0.3 times the 
wire diamter may be 
used. (Literature reference 
4). 
4. Silvered wire is prefer- 
able for winding induc- 
tors for operation at fre- 
quencies above 300 MHz. 
(strip lines, lecher lines, 
UHF filters). 


Inductance 
calculation 


There are a number of for- 
mulas for the calculation 
of inductance, and these 
usually start from the the 
physical characteristics 
shown in Fig. 2. Note, how- 


Lisking 4 


1@ PRINT CHRE¢24):REM clear screen kKaypro 


26 At=" JAN" 
38 PRINT" 
46 PRINT" 
5@ FUR 


x=@ TO S:PRINT NEXT 


Inductance Calculations" 


66 PRINT CHR$( 1193; :PRINT CHRS(7) 5; 

“76 INFUT "circular or square coil former (c/s)" 0% 
Sa IF Gt="c" GR Gt="C" GR Q¢="<" OR Gt="S"THEN 164 
9G IF At="JAN"“ THEN 1@ ELSE 6@ : 

146 IF Q$="S"CR Qt="s"THEN 176 

{19 INPUT “coil diameter (mm)? ="54 


i226 ARA‘2 
13@ GOSUB 243 


N=SGR(L/¢  @@0GGG4ePI eA*(LOGCI+PT evo t+i 62.3 


IF S¢iit THEN 334 
GOSUB 456 
IF 2¢306 THEN 148 
GOTS 338 


INPUT "side of the square (mm) ="3A 


200 GOSUB 266 


N=ESGR¢L#PI/¢  @G00G04eP 1 eGQeCLOGCL+PL eV 41403. 6442/4 SILC RM) GD 


IF S431 THEN 336 
GOSUB 456 
IF 2<¢>@ THEN 216 
GOTU 3348 


INPUT"Space between turns (Y/N) "45% 


s=0 


IF S#="N" OR S#="n" THEN B=A:S=1:INPUT"wire diameter (mm?) =";0:0=0.1600:G0TO 30e 
INPUT "coil length (mm) ="fB 


INPUT"L CuHs ="5L 


B=B/16GG:A=A/100G:LEL/1IE+GS:VEA“BPIH=3.19159% 


26 RETURN 
R=N-INT CN 


IF R¢.5 THEN N=INTCN) ELSE N=INTCNO +1 
BO PRINT "number of turns ="4N 


IF S=1 THEN 3386 


PRINT “maximum wire diameter ="3;1@6@@*¢(B/N) 5 "mm" 
FOR X=@ TO 79:PRINT "-" 3 iNEXT 


INPUT"More (Y/N) " ;At 


PRINT CHR#¢11)3 


FOR X=@ TO ?79:PRINT " "3 :sNEXT 


FOR X=@ TO 2:PRINT CHR#(11)5;:NEXT:REM KAYPRO CURSOR UP 


IF At="V¥" OR AB="y"THEN 7@ 


END 


Z=1:K=N#D:1F ABS((K-B)/B)<.66863 THEN 2=@:RETURN 


B=(K+B)/2:V=A/B: RETURN 


ever, that any inductance 
calculation is only a 
mathematical approxima- 
tion, which gets closer to 
the actual inductance 
when it becomes more 
complex. To obtain very 
close approximations, the 
following formulas may be 
used (refer to Fig. 2): 


L=pon2a(loge(1+ na/b))+ 
+ 4(2.34+1.6b/a+ 
0.44(b/a)?) <H> (2) 
for circular coils, and 


L=p0n?a(4/nloge(1+1n alb))+ 
+ 4/(3.64+2b/a+ 


0.54(bla)2) <H> (3) 


for square coils, where a 
and 6 are the inductor 
sizes in metres as indi- 
cated in Fig. 2, Z is in 
henries, and zo is the ab- 
solute permeability stan- 
dard, defined as 4710 7M 
<Him>. 

The three charts shown in 
Fig. 3 give inductor 
winding data for a 
number of popular wire 
and former diameters, but 
the computer program of 
listing 1 allows a great 
many more possibilities for 
fast calculation of induc- 
tor winding data, both for 


circular and square in- 
ductors. The latter are 
perhaps less known 
among designers, but — 
square inductors may be 
used as window mounted, 
multi-turn rhombic aerials 
for directive reception of 
medium- and long-wave 
signals. 

The computer program 
listed has been written in 
MBASIC, and may require 
a patch here and there to 
suit the specific screen 
and cursor commands of 
some computers. For spac- 
ed inductors, the program 
uses an iterative approx- 


imation routine, which sup- 


plies a start value (guess) 
to the main calculations 
and adapts the variables 
to step towards maximum 
accuracy. Obviously, the 
better the guess, the faster 
the program will come up 
with the result, since in 
that case less calculation 
time is required. It stands 
to reason that n-step itera- 
tion is practically not 
feasible with only a pencil 
and a cheap calculator, 
since far too much time 
would be wasted before a 
useful result is obtained. 
Therefore, the number 
crunching facilities offered 
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by the computer are 
welcomed by many 
designers of air-cored in- 
ductors. 


JB;BL 





Literature references: 

1) Proceedings of the IEEE, 
Vol. 70 no 12; December 
1982: Wheeler H A: Induct- 
ance formulas for circular 
and square coils.’ 

2) Radio Engineers Hand- 
book, by F E Terman; 
McGraw-Hill. 





Fig. 1. The 
copper-clad 
universal RF 
board Type 
85000 has fitty- 
seven islands 
and three 
isolated tracks 
for supply 
voltage or con- 
trol voltage — 
such as AGC — 
lines. 


Fig. 2. Example 
of a voltage- 
controlled oscil- 
lator constructed 
on a copper-clad 
board. 





This month we commence a short series of articles on the 
Qesign Of RF circuits. Each of the articles will merely pro- 

vide a framework and not necessarily a complete design 
of the relevant circuit 


Test oscillator 


This first article deals with a virtually 
indispensable unit in RF design: a 
simple signal generator. This unit 
provides a signal at a certain fre- 
quency and amplitude, and may be 
frequency- or amplitude-modulated. 
It is intended to cover a frequency 
range of 2 — 150 MHz in a number of 
bands. 


Universal RF 
board 


The Type 85000 (available through 
our Readers Services — see page 80) 
is an unpierced copper-clad board 
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with fifty-seven isolated islands and 
three isolated tracks. It is particularly 
sulted to RF circuits because of the 
large earth plane, and enables the 
connections of all components to be 
kept really short — a prerequisite in 
RF design. Examples of the board 
proper and of a voltage-controlled 
oscillator constructed on a copper- 
clad board are shown in the 
photographs in Figures | and 2 re- 
spectively. 


Block diagram 


The block diagram in Fig. 3 shows 
that the test oscillator consists of 
three separate sections: the oscil- 
lator; amplitude control; and output 
buffer. The oscillator is based on a 
MOSFET, whose mutual conduc- 
tance, gm, and consequently the am- 
plitude of its output signal, is 
controlled by a direct voltage on 
gate 2. 

The amplitude control section 
monitors the oscillator output and 
controls gate 2 of the MOSFET 
accordingly, so that a reasonably 
constant-level oscillator signal is ob- 
tained. This arrangement has the ad- 
vantage that it enables the oscillator 
to work over a fairly wide frequency 
range. 





The buffer section provides an out- 
put impedance of 50 ohms. 


Circult descriotion 


The oscillator — see Fig. 2 — is de- 
signed around T:: its frequency- 
determining components are Li and 
varactors Di and D2 These variable- 
Capacitance diodes are controlled 
by P:: a high voltage across them 
causes a small capacitance, and vice 
versa. The frequency of an LC os- 
cillator is given by 


f=1/anV LC’ [Hz] (1) 


where /is the frequency of the oscil- 
lator, Z is the inductance in henries 
(H), and C'is the total capacitance of 
the two varactors in series in farads 
(F). 

The ratio between the lowest and the 
highest oscillator frequency, f: and f2 
respectively, depends on the square 
root of the ratio between the maxi- 
mum and minimum capacitance, Cz 
and C: respectively, of the varactors: 


fi:h=V C2:C1 (2) 


The maximum capacitance of the 
Type BBI106 varactor is about five 
times the minimum capacitance fora 
reverse bias voltage of 3 of 25 V, so 
that the frequency ratio is roughly 
2.236, or rather more than an octave. 
The highest attainable frequency is 
around 300 MHz, but this depends, 
of course, also on the value of Li. 

The series combination Le-L3-La is in- 
tended as a sort of wide-band choke. 
The inductance of La (100 mH) is 
rather too large for high frequencies, 
because the reactance at those fre- 
quencies amounts to a few kiloohms 
Owing to parasitic capacitances. 


‘Lower inductances are, therefore, 


used for the higher frequencies: Ls: 
and Lz. Inductor Lz is only of use at 
frequencies above 50 MHz: if the os- 
cillator is not required to work on 
these frequencies, this coil may be 
omitted and replaced by a wire link. 


The signal at gate | of the oscillator is 
rectified by Di and smoothed by 
R2-C3. As soon as the resulting direct 
voltage rises above 600 mV, the tran- 
sistor tends to conduct harder, 
which causes the potential at gate 2, 
and therefore the oscillator output, to 
drop. This regulation is necessary if 
the oscillator is to work over a rela- 
tively wide frequency range. Also, 
without regulation, the output level 
would vary greatly with tuning: in the 
present circuit, the output level vari- 
ation is held within 10 dB, i.e., a ratio 
of about 1:3. 





Amplitude 
Control 







T1,01,D2,L1 
The oscillator signal is applied via 
Capacitive divider C7-Cs to transistor 
Ts, which is connected as a source 
follower. The mutual conductance, 
gm, Of this FET is about 20 mS, so 
that, since 


Zo=l/gm [2] (3) 


the output impedance, Zo, is 
50 ohms. 


85125-3 






BF900; BF905; BF907; BF961: BF981 








oe see text 





BF246C 





S C10 
+f) 
100n 
g } 
(0) 
85125-4 


T1 = BF900; BF905; BF907: BF961: BF981 
D1,D2= BB 106 


Fig. 3. Block 
diagram of the 
RF test oscillator. 


Mutual conductance 
is the ratio of the 
change in output 
Current to the 
change in input 
voltage when the 
output voltage is 
held constant. It is 
measured in siemens 
(S), which replaced 
the mho (reciprocal 
of ohm) some time 
ago. 


Fig. 4. Circuit 
diagram of the 
RF test oscillator. > 


BF246C BF494 
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Fig. & Suggested 
component 
layout of the RF 
test oscillator. 


Parts list 


Resistors: 

R1;R3:Re = 100k 

R2= 470k 

Ra = 330k 

Rs = 680Q 

Re= 10M 

R7 = 220 

P; = 50k linear preset 


Capacitors: 
C1;C2;Cs = 560p 
C3 = 68p 

Ca = 330p 
Cs'Cs= ip 
C7=10p 

Co;C11 =47n 
C10 = 100n 


Inductors: 

L1=0.1...10mH (see 
text) 

L2=5 turns 0.3 mm dia. 
(30 SWG) enamelled 
copper wire on ferrite 
bead 3x3 mm. 

L3=1mH choke 

La=100mH choke 


Semiconductors: 

T1 = BF900 or BF905 or 
BF907 or BF961 or 
BF981 

T2 = BF494 

T3 = BF246C 

D1;D2 = BB106 (see text) 

D3 = 1N4148 


Universal RF board 
Type 85000 

(available through 
Readers Services) 


Fig. 6. Circuit of 
a possible 
50-0ohm one-step 
attenuator. The 
resistor values in 
the ac- 
companying 
table are 
calculated: in a 
practical circuit, 
the nearest stan- 
ard values 
Should be used. 


Frequency range 


If varactors Type BB106 are used, the 
oscillator can be tuned over a fre- 
quency range of one octave, ie., the 
maximum frequency is about twice 
the minimum frequency. To cover a 
frequency range of, say, 2 MHz to 
32 MHz (four octaves) four different 
coils are required for the L: position. 
Since it is not really possible to use a 
large tapped coil and a range switch 
— because the resulting stray 
capacitances would cause 
unreliable and unstable operation — 
separate plug-in coils must be used 
for Li. At the highest frequencies — 
above about 150 MHz — the coil 
should be air-cored; below 150 MHz, 
it needs to be wound on a dust-iron 
toroid. Some examples of suitable 
coils for frequency ranges as stated 
are: 
e 150-300 MHz: 50mm _ enamelled 
copper wire, SWG20 (1 mm dia.), 
one turn; 
e 75-150 MHz: 9 turns 24 SWG 
(0.6 mm dia.) enamelled copper 
wire on a Type T50/12 toroid; 
e 7.5-15.0 MHz: 70 turns SWG 30 
(0.3mm dia.) on a Type T50/2 
toroid. 
Although the Type BBI06 varactor 
can be used right across the fre- 
quency range, a Type BB105 is better 
if most of the work is carried out 
above 100 MHz, while a Type KV1226 
is preferable below 20 MHz. 


Modulation 


Frequency-modulating the oscillator 
signal is achieved by applying the 
modulating voltage to the wiper of 
tuning potentiometer P: via a series 
resistor and coupling capacitor. It is 
possible to add a potentiometer for 
adjusting the level of the modulating 
voltage, i.e. the frequency deviation. 
Amplitude modulation could be ar- 
ranged by injecting the modulating 
signal into gate 2 of the oscillator. 
This is, however, not a satisfactory 
method because the internal 
capacitances of the MOSFET vary 
with the modulating voltage, 
resulting in not only amplitude 
modulation, but also frequency 
modulation, of the oscillator signal. It 
is, therefore, better to modulate with 
the aid of an additional MOSFET 
connected between the oscillator 
and the buffer. 


Outfout attenuator 


It is very useful in many applications 
if the output signal can be attenuated 
in suitable steps. A suitable circuit 
for a one-step attenuator is shown ‘in 
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500 


r----- 





Fig. 6. Several of these circuits may 
be connected in series to obtain 
switch-selected stepped _ attenu- 
ations of, say, 2 dB, 4 dB, 8 dB, and so 
on. Note, however, that the greater 


the attenuation, the more attention 
Should be paid to screening and 


decoupling. Any signal "leaks’’ at 
the output at low levels spoil the ac- 


85125-6 


curacy of the attenuator. The tabl 
accompanying Fig. 6 give 
calculated values for the attenuato 
resistors; in practice, the neares 
standard values in the El2 or E2 
series should be used. Note thi 
wirewound resistors should never b 
used in RF circuits owing to the: 
high self-inductance. JB:B 
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bypassing the need for board propulsion system to keep station, the com- electron bombardment 
large receiving stations. to correct the velocity by munications payload is jon engine. 

But an uncontrolled about 50 metres per sec- switched off and the 

satellite would not remain ond in one year. satellite is abandoned. 

fixed in its 24-hour orbit for | So, orbit control to keep a 

very long. Because the satellite ‘fixed’ in the sky or Propulsion 

gravitational pull of the ‘on station’ is essential and 


Sun and the Moon on a the satellite must be able | SYS/E/NS 
satellite distorts its orbit, it to provide this. Indeed, 


would wander about the ability to correct the orbit Any orbit control system 
sky and make tracking dif- | may often decide the must be reliable and have 
ficult. This effect has to be useful lifetime of the a long lifes which means |! > 
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about 10 years for modern 
spacecraft. It should also 
weigh very little, for every 
kilogram that is not used 
for payload reduces the 
revenue that the satellite 
earns. 

Satellites now in service 
use Chemical rockets for 
orbital control. The pro- 
pellants used are allowed 
to react in a rocket 
chamber and the proda- 
ucts from the reaction are 
expanded through a 
nozzle to produce a jet of 
fast-moving gas. The vel- 
ocity of the jet, or exhaust, 
which the propulsion 
system can achieve is 
important. The amount of 
propellant that has to 

be used to provide the 
50 metres per second 
change in velocity is 
related exponentially to 
the ratio that the velocity 
change bears to the 
exhaust velocity. The 
higher the exhaust vel- 
ocity, the lower the mass 
of propellant that must 
be carried to keep the 
satellite on station. 
Monopropellant rockets 
have exhaust velocities of 
about 2.2 kilometres per 
second and, for a 10-year 
mission, must carry 200 
grams of propellant for 
every kilogram of satellite 
mass at the start of oper- 
ations. Bipropellant sys- 
tems have an exhaust 
velocity of about three 
kilometres per second, 
which means they must 
carry about 150 grams 

of propellant for every 
kilogram of satellite, but at 
the expense of a heavier, 
more complex rocket 
system. 


Electric 
Propulsion 


However, the energy 
available from a 
chemical reaction is 
limited. To reach higher 
exhaust velocities, the 
source of energy must be 
decoupled from the pro- 


pellant. It is here that elec- 


tric propulsion systems 
offer an alternative to 
chemical rockets. Electric 
power is used to 
accelerate propellant to 


much higher velocities, in 
the range of 30 to 40 
kilometres per second. 
That means only 12 to 17 
grams of propellant are 
needed per kilogram of 
satellite mass. Of Course, 
the mass of the electric 
rocket and its power sup- 
plies must be reckoned as 
part of the propulsion 
system, but even so it can 
be seen that the mass 
gains possible with this 
type of system are very 
large. 

The case of a 2-tonne 
satellite, typical of those 
that will be used for the 
most important communi- 
cations links until the end 
of the century, can be 
used fo illustrate the point. 
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The main propulsion | 
requirement that has to be 
satisfied is the ability to 
provide a velocity change 
of 50 metres per second 
every year for station 
keeping and a further 60 
metres per second at the 
beginning of the mission 
to place the satellite in 
the correct initial orbit. 

If an electric propulsion 


system were used to carry 


out these manoeuvres, 
gains in the payload frac- 
tion of about 25 per cent 
could be realised, com- 
pared with the mass that 
would be needed by a 
chemical propulsion 
system with its much 
greater need for fuel. To 
emphasise this figure, the 


Comparison of electric 
propulsion with 
chemical rockets, for a 
10-year North-South 
station-keeping duty. 
Data are for a two-tonne 
geostationary satellite 
with initial station 
acquisition and 50 
metres per second vel- 
ocity Change per year. 





saving in mass of a 
2-tonne satellite could be 
as much as 280 to 300 
kilograms if electric pro- 
pulsion were used instead 
of chemical rockets. This 
contrasts with the total 
payload mass of a 
modern telecommuni- 
cations spacecraft: The 
Olympus-1 satellite being 
built for the European 
Space Agency by British 
Aerospace, and sched- 
uled for its first launch in 
1987, has a communi- 
cations payload of 307 
kilograms. 


Electric thruster 


In an ion thruster, pro- 
pellant is accelerated by 
electric forces to high 
velocities to produce 
thrust. For this to happen, 
the propellant must have 
an electron removed from 
the atom, leaving a 
positive ion. By far the 
most flexible means of 
carrying out this ionisation 
process is for electrons to 
bombard the propellant 
atoms and knock off an 
electron. So in an electron 
bombardment ion thruster 
electrons are emitted from 
a cathode and acceler- 
ated to a cylindrical 
anode, colliding on the 
way with propellant fed 
into the discharge 
chamber where the pro- 
cess happens. At the front 
of the chamber is an ion 
extraction system, usually © 
consisting of two grids with 
a large number of small 
holes drilled in them. An 
electric potential, usually 
in the range of 1000 to 
4500 volts, is applied 
across the grids, thereby 
causing the ions to be 
pulled from the discharge 
and accelerated through 
the second grid to form 
the beam. 

If only the ions were 
extracted from the dis- 
charge, the satellite would 
build up a large negative 
charge very quickly. So a 
neutraliser is included, to 
eject electrons and 
balance the charge on 
the spacecraft. 

All the foregoing has to do 
with the thruster part of 
the system. But a complete 


system needs an electrical 
power source. That might 
be the main solar-cell 
array powering the 
satellite. The array is 
usually oversized relative 
to the needs of the 
payload, to allow for 
solar-cell degradation 
over the lifetime of the 
satellite. Alternatively, the 
source might be the bat- 
teries carried by the 
satellite to support it 
through periods when the 
solar cell array is in 
eclipse from the Sun. . 
Typical stationkeeping 
thrusters need a few hun- 
dred watts of power to 
operate them, which is a 
small fraction of the 
several kilowatts which are 


—available on board large 


communications satellites. 
The need to draw power 
from the spacecraft, rather 
than from the chemical 
reaction of conventional 
rockets, governs the design 
of the propulsion system as 
a whole. High exhaust 
velocities, achieved by 
high accelerating 
voltages, reduce the 
amount of propellant 
needed. But they also 
mean that the power unit, 
which converts the output 
from the solar array or 
battery to the voltages 
required by the electric 





propulsion system, 
becomes heavier and 
heavier with a corre- 
sponding need for higher 
power. So there is an opti- 
mum point between a 
reduction in propellant 
mass and an increase in 
powersupply mass. 


Future 
propulsion 


Even with the prospects of 
all the benefits to be 
gained, communications 
satellites still do not use 
electric propulsion, but 
rely on chemical rockets. 
Why? 

There are several reasons. 
Although electric propul- 
sion systems are capable 
of increasing the payload 
by 20 to 25 per cent ona 
wide variety of satellites, it 
is only recently that com- 
munications spacecraft 
with masses of more than 
one tonne have become 
relatively commonplace. 
Previous generations of 
vehicles had masses of 
about 750 kilograms and 
the extra payload that 
might have been added 
was not considered 
enough to warrant the 
cost of developing the 
propulsion system. 


The UK 10-centimetre 
diameter ion thruster, 
designed for station- 
keeping of multi-tonne 
communications 
satellites, now being 
tested with xenon pro- 
pellant. 


It is only quite recently 
that communications 
satellites with powers of 
several kilowatts have 
become operational. Elec- 
tric propulsion systems 
would absorb a small 
fraction of the total power 
available, in contrast to 
earlier available powers of 
500 to 1000 watts; the pro- 
pulsion appeared to 
require too large a frac- 
tion of that lower power to 
gain easy acceptance. 
Also influencing accept- 
ance are natural resist- 
ance to change and 
reluctance to adopt what 
is often seen as a com- 
plex system of strange 
thrusters, power supplies 
and controls, compared 
with the chemical rockets 
which might be thought 
relatively simple because 
they are so familiar. It is 
only recently that the 
benefits from such a 
change have become so 
potentially great as to 
compel this attitude to be 
rethought. 

One major objection to 
the use of electric pro- 
pulsion has been the 
choice of propellant for 
most of the work carried 
out on thrusters, namely 
mercury. It is almost ideal 
as a propellant because it 


| is heavy, dense and easily | > 
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heart beat monitor 
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The proposed circuit is based on the 
fact that the degree of translucence 
of parts of a mammal’s body de- 
pends, among others, on the flow of 
blood. Because the blood supply 
pulsates at the frequency of the 
heartbeat, this may be monitored ina 
simple way without the need for an 
electrical connection between the 
mammal and the measuring 
equipment. 

In the proposed circuit, the flow of 
blood through a finger is monitored. 
To obviate errors caused by the pos- 
ition of the finger, the receiver diod 
is included in a loop. | 
The positive input (terminal 3) of IC] 
is held at about 2.5 V. The gain of the 
device is determined by the ratio 
Rs:Rs. Network Re-D2 ensures that the 
circuit stabilizes rapidly. The ampli- 
fied signal is rectified by ICz. Time 
constants Rs-C4 and R7-Ca are chosen 
such that the potential at pin 2 of IC2 
has a sawtooth shape. The CA3130 in 
the ICs position functions as a trig- 
ger. The output signal may, for in- 
stance, be applied to the input port of 
a computer. 

If a computer is not available or 
deemed necessary, the beat is made 
audible by a piezo-electric buzzer 
operated by gates N: and Nz. 
Circuit ICs provides a WAIT indi- 
cation that shows when the circuit 
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has stabilized and is ready for use. 
The programme is compiled as 
follows: wait for a trailing edge, then 
count until the next trailing edge ap- 
pears. The count is converted into a 
number per minute, and this is dis- 
played on the monitor screen. How- 
ever, the heart beat is not constant, 
which is quite clear from listening to 
the buzzer or observing the monitor 
screen. It is, therefore, advisable to 
calculate an average over, Say, sixty 
seconds. It is then possible to display 
the instantaneous value, the average 
value over 60 seconds, and the trend 
(rise or fall). 

Once the programme is known to 
work satisfactorily, it becomes in- 
teresting to display the actual signal 
on the screen. If the computer used 
has an analogue-to-digital converter, 
the output signal of IC: may be used 
for the display. | 
Fig. 2 shows a possible construction 
of the heart beat monitor in an ABS 
enclosure; the measurement may 
simply be taken by gently pressing 
one’s finger onto the photodiode. (B) 





> 


stored. But it is not an 
ideal material as far as 
spacecraft designers are 
concerned, for it amalga- 
mates rapidly with many 
metals such as copper, 
gold and aluminium, 
which means that the 
spacecraft structure, elec- 
trical wiring, power- 
producing solar cells and 
so forth could all be 
vulnerable to attack. 
Another problem with mer- 
cury is to do with the fact 
that it is liquid at normal 
temperatures. Care must 
be taken to heat the pro- 
pellant to a vapour before 
introducing it into a 
thruster, and to keep it as 
a vapour. If it condenses, it 
could lead to breakdown 
of high voltage insulation, 
shorting out of power 
supplies, damage to solar 
cell arrays and other 
serious problems. 

All these disadvantages 
and problems with pro- 
pellant are eliminated, or 
at least greatly reduced, if 
a gas is used instead of a 
liquid metal. The favoured 
candidate is the rare gas 
xenon, which is inert. It 
does not contaminate or 
react with the elements of 


space systems so it 
removes most worries 
about the structural 
integrity of long-life 
spacecraft. It does not 
condense upon compo- 
nents, so it does not cause 
electrical trouble. 

The power supply systems 
are simpler, too, for no 
supplies are needed to 
heat and vaporise the 
propellant. That means 
better system reliability. 
The problems of economic 
justification and power - 
requirements hitherto 
associated with electric 
propulsion have dimin- 
ished in importance, while 
those to do with choice of 
propellant and complexity 
of power supply have 
been reduced by thruster 
developments, so the time 
is ripe for this novel pro- 
pulsion technique. 

A very successful pro- 
gramme of work on the 
development of electric 
propulsion systems, led by 
the UK Royal Aircraft 
Establishment at Farn- 
borough in collaboration 
with Culham Laboratory 
and several industrial 
firms, ended in 1978. The 
reasons for not continuing 


further had nothing to do 
with any failing in the 
systems that had been 
developed, which were at 
least as advanced and 
efficient as any others, but 
with the economics and 
other arguments to do 
with small, low powered 
spacecraft which | have 
already outlined. The pro- 
gramme has now been re- 
activated with a view to 
providing ion thrusters for 


_Station-keeping of mulfti- 


tonne satellites. The work is 
based around thrusters of 
10 centimetres diameter 
operating with xenon pro- 
pellant instead of mercury. 
How far development 
reached in the previous 
programme is shown by 
the fact that the same 
thrusters are being used; 
the only modification 
needed was to remove 
components that were 
used to vaporise the mer- 
cury and keep it in 
vapour form. Present plans 
call for a test flight on 
board a satellite in 1989, 
and commercial 
implementation soon after. 
Britain is not alone in such 
work, of course: all the 


leading space nations are 
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planning to test electric 
propulsion systems in the 
next few years. The USA is 
due to fly a satellite with 
two mercury devices. 
Japan has already flown 
a small mercury system 
and operated it for 200 
hours in space, and is 
developing a 412-centi- 
metre xenon system. 
Germany has plans to fly 
a 10-centimetre xenon 
system for a six-month test 
on the European 
Retrievable Carrier 
(EURECA). 

With so many contenders 
it is obvious that electric 
propulsion is about to 
come of age and find 
more and more appili- 
cation in the 1990s. The 
focus of work will then shift 
away from the proof-of- 
principle of a new propul- 
sion system and concen- 
trate more upon providing 
the most efficient, flexible 
and commercially attract- 
ive product for commer- 
cial users. Though electric 
propulsion will have been 
a long time coming, it will 
soon be here to stay. 


STORAGE 


OSCILLOSCOPES 


ISSHOLSD DIGITAL STORAGE OSCILLOSCOPE 


Photograph courtesy of 


Telonic Instruments Limited. 





Conventional (real-time) oscilloscopes cannot 
capture very slow signals, such as, for inslance 
the charging curve of a batlery or the sawtooth 
waveform of an AF wobbulator Nor can they 
cope with infrequent events, such as noise pulses. 
They also do nof allow a comparison to be made 
of events that happen at different times. All these 
drawbacks are absent trom storage oscilloscopes. 


In this article it will be 


assumed that the reader is 


reasonably familiar with 
conventional oscillo- 
scopes. These instruments 
are sometimes called real- 
time oscilloscopes, 
because the input 
signal(s) are projected 
onto the screen 
immediately. 


Iwo 
technologies 


In principle, there are two 
distinct storage tech- 
nologies: (1) analogue, in 
which the fluorescent 
screen serves as the 
memory, and (2) digital, 
which uses semiconductor 
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memories. 

Analogue storage 
oscilloscopes are quite 
well-known instruments. 
They are fitted with 
special cathode-ray tubes 
(CRTs) that are provided. 
with a storage mesh—see 
Fig. 1. Before the electron 
beam reaches the screen, 
it hits the mesh and 


dislodges a number of 
electrons. These so-called 
secondary electrons are 
gathered by a special 
collector. The parts of the 
mesh from which electrons 
have been dislodged are 
positive, and form a true 
copy of the signal. 
Afterwards, the flood guns 


| in the CRT illuminate the 


| 


positive parts of the mesh 
to display the signal when 
required. The storage con- 
trols vary the charge on 
the mesh to permit a vari- 
ation in the contrast 
between the trace and 
the background, and to 
fine tune how long the 
trace is stored. The trace is 
erased by applying a 
positive pulse to the 
storage mesh: this prevents 
the electrons emanating 
from the flood guns from 
reaching the viewing 
screen. 

Analogue storage 
oscilloscopes such as, for 
instance, the Philips Type 
PM3266, permit very high 
writing speeds and a 
trace definition that is 
independent of the writing 
speed. They also provide 
variable afterglow 
duration. 

None the less, most com- 
mercially available 
storage scopes are 
nowadays based on 
digital techniques. These 
types do not need a 
special CRT, and enable 
use to be made of 
modern semiconductor 
technology. 

Figure 2 shows the func- 
tional diagram of a digital 
storage oscilloscope. The 
principal difference 
between this and a real- 
time oscilloscope is that 
its input signal to the ver- 
tical deflecting (Y) plates 
is first converted into a 
digital signal. This signal is 
stored, and then 
reconverted into a control 
signal for the electron 
beam. 


Analogue vs 
Agital 


Analogue storage scopes 
are normally used when 
fast events must be cap- 
tured and relatively short 
storage times (<1 hour) 
suffice. Their high writing 


speed and good defi- 


nition are then decided 
advantages. 

Digital storage oscillo- 
scopes should be used 
when long storage times 
are needed. 

To make the differences 
between the two types 


collector for secondary electrons storage mesH 


clear, their following 
characteristics will be 
compared: 

e writing speed; 

e storage time; 

e signal tracing; 

e triggering. 


Writing speed 


Periodic events can be 
stored without any prob- 
lems in either an 
analogue or a digital 
scope. For one-off events, 
the writing speed is 
important, because this 
determines to what extent 
the signal can be stored 
on the storage mesh. This 
may be deduced from 
Fig. 3, which shows at 
which writing speed vs fre- 
quency and amplitude a 
previously sampled sine 
wave can be displayed. 
At the same time the ratio 
of two pulses (amplitude 
vs rise time) that could 
have been displayed at 
the same writing speeds. is 
shown. 

Two examples may make 
this clearer. 

The maximum writing 
speed for a sine wave is 


fluorescent 
coating 


pattern. 
on storage mesh 





storage mesh 






viewing screen 
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horizontal (X) deflecting circuits 
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approximated by 

Vm =1/27fA [div / us] 
where /is the frequency of 
the sine wave in Hz, and A 
is its amplitude in div. 
From this, it is seen that an 
8.2 kHz sine wave signal 
can be displayed with a 
peak-to-peak amplitude of 
not more than 10 div. ata 
writing speed of 0.2 div/us. 








Fig. 1. Storage with 
special cathode-ray 
tube. 


Fig. 2. Block schematic 
of a digital storage 
oscilloscope. 


Fig. 3. lllustrating writing 


speed, e 


October 1986 — Elektor in AEM — 77 


At higher frequencies, the 
maximum amplitude 
becomes smaller, until at 
60 kHz it is only 1 div. 

The maximum writing 
speed for a rectangular 
pulse is approximated by 
Vm =0.8A/T: [div / ys] 
where A is the peak value 
of the pulse in div., and Tr 
is the rise time in micro- 
seconds. 

From this, it follows that a 
writing speed of 2 div/ ys, 
a pulse with a rise time of 
4 us can be displayed -with 
a peak amplitude of not 
more than 10 div. 

In a digital storage scope, 
the analogue signal is 
sampled during the ana- 
logue-to-digital conversion, 
in which the writing speed 
is of no consequence. The 
clock frequency, however, 
must be as high as poss- 
ible to ensure good defi- 
nition. In practice, the 
frequency of the input 
signal must not be higher 
than a fourth, and prefer- 
ably not more than a 
tenth, of the clock fre- 
quency. How the original 
signal and the "copy” 
appear on the screen at 
these ratios can be seen 
in Fig. 4. 

Frequently, greater writing 
speeds are required. 
Analogue storage scopes 
are fitted with a CRT that 
has a second, "fast”, 
storage mesh, allowing 
speeds of up to 5500 div/ 
us. In this method, the 
"fast” mesh samples the 
signal well before the nor- 
mal mesh. The signal is 
then transferred to the nor- 
mal mesh: and stored by 
it. 
In digital storage scopes it 
is not so simple to achieve 
such high writing speeds, 
and comes down to a 
compromise between 
good vertical and good 
horizontal definition. 

The background to 
analogue-to-digital con- 
version was described in 
A/D and D/A Conversion in 
the May 1985 issue of 
Flektor Electronics, and it 
is well worth rereading ~ 
that article, if possible. The 
successive approximation 
method described in that 
article provides very good 
definition, but not very 
high writing speeds. The 











input signal: - 7/: - 


clock frequency - - 


display - - 


flash encoding process 
offers high sampling rates, 
but relatively poor vertical 
definition. None the /éss, 
low-cost storage | 
oscilloscopes invariably | 
use flash encoding. 
Philips have recently 
introduced a technique 
whereby the analogue 
input signal is delayed 
before conversion takes 
place—see Fig. 5. The 
block designated P?CCD 
is nothing more than a 
fast sample-and-hold cir- 
cuit which is fitted on a 
chip together with an 
analogue shift register. The 
input circuit samples, and 
stores the instantaneous 
value of, the input signal 
at a frequency of 125 MHz. 
After the delay, the signal 
is converted into binary 
form by the step approxi- 
mation technique. 
Although digital storage 
oscilloscopes appear to 
have a number of advan- 
tages over analogue 
models, they also have 
some drawbacks. To start 
with, they are generally 
very expensive, and 
almost certainly over- 
priced. Moreover, there 
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clock :4 


A/D converter 


saobtasts 


are a number of oper- 
ational difficulties. 

In the measuring of 
signals that contain glit- 
ches, the high writing 
speed of an analogue 
storage scope is a de- 
cided advantage, be- 
cause this enables the 
storing and displaying of 
pulses with a duration of 
3.5 ns. In digital types, the 
sweep separation deter- 
mines whether a given 
pulse can be captured 
and stored. For instance, a 
sweep separation of 8 ns 
allows pulses with a dur- 
ation of not less than 10 ns 
to be sampled and stored: 
that is a factor 3 worse 
than is possible with an 
analogue scope. It is true, 
however, that special 
techniques, such as 
Hewlett-Packard’s periodic 
random sampling afford a 
better perfomance in 
digital scopes. 


Storage time 


The storage time of an 
analogue scope is limited, 
since the sample is 
formed on the storage 


Fig. 4. Incorrect display 
at too low clock fre- 
quencies. 


Fig. &. Delay of the 
analogue input signal 
before digitizing takes 
Dlace. 


6 


( triggering takes place at this edge 


KO without delay line 
Ke with delay line 





Fig. 6. Signal delay in 
analogue storage 
oscilloscopes ensures 
that the trigger point is 
also displayed. 


Fig. £. [llustrating the 
aliasing effect. 


Fig. & Both pre- and 
bost-triggering are DOSss- 
ible in digital storage 
oscilloscopes. 


mesh relatively slowly. 
None the less, depending 
on the type of CRT, storage 
times of up to 24 hours 
may be achieved. The 
view time is controlled by 
pulse modulation of the 
emission from the flood 
guns. This results in maxi- 
mum brightness and 
minimum view time at 
maximum pulse width. 
Conversely, minimum 
brightness and maximum 
view time are obtained 
with minimum pulse 
duration. 
The storage time of a 
digital oscilloscope is vir- 
tually unlimited, provided 
that the semiconductor 
memories are buffered. 
Most oscilloscopes of this 
nature are fully protected 
against mains faillures. 
To enable the measuring 
process to be carried out 
as efficiently as possible, 
analogue oscilloscopes 
are available with a var- 
iety of tracing methods. 
Variable afterglow is used 
to effect the disappear- 
ance of a trace exactly at 
the moment a new trace 
is written. Automatic 
erasure ensures that the 
cld trace is quenched 


captured data 


ui 


original signal 


(f) 


pre-triggering 


completely before a new 
measuring cycle starts: this 
prevents possible errors in 
the new cycle. Automatic 
storage (AUTO STORE 
MODE) ensures that each 
and every change in the 
input signal is sampled 
and stored until display on 
the screen is required. 
Double-beam 
oscilloscopes may provide 
double-beam storage. 


Signal tracing 


There are basically two 
display modes in use for 
digital oscilloscopes. In 
the dot join mode, the 
digital signal is displayed 
as a continuous trace 
(with other methods it 
would be a dotted line). 
The sro// mode is for use 
when very long duration 
events are to be 
displayed. In this mode, 
the trace moves very 
slowly across the screen 
right to left (it may take up 
to 40 hours to travel across 
the screen once). 

There are also techniques 
which enable as many as 
eight traces to be 
displayed simultaneously: 


alias signal 
(t/9) 











& 
aa 





any of these may be real- 
time or stored. 


Iriggering 


An important feature of 
any respectable oscillo- 
scope is the triggering, 
which enables the trace(s) 
on the screen to be held 
still for precise observation 
or measured. 

In analogue oscilloscopes, 
signal details that occur 
before the trigger can 
only be displayed if the 
scope is fitted with a 
delayed vertical sweep- 
see Fig. 6. 

In digital storage 
oscilloscopes, pre-trigger 
parts of the signal are 
displayed as a matter of 
course. The pre-trigger 
time is equal to the screen 
width, i.e, it depends on 
the selected time base. 
This has, of course, the dis- 
advantage that the input 
signal is swept at the 
selected time base. If the 
sweep rate is smaller than 
the frequency of the input 
signal, it is possible that 
the scanning samples at 
different periods of the 
input signals are taken at 


October 1986 — Elektor in AEM — 79 


yal 


86097-7 


post-triggering 


86097-8 





the wrong positions. As 
can be seen in Fig. 7, 
although the signal shape 
remains true, the fre- 
quency of the displayed 
signal is only a ninth of 
that of the input signal. 
This effect is called a/ias- 
ing. \f aliasing is 
suspected, operation 
should be switched to 
real-time to ascertain the 
true situation. 

As in analogue storage 
scopes, post-triggering is 
possible in digital models. 
The delay in these can be 
up to 1000 times the 
screen width—see Fig. 8. 
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RETAIL ROUNDUP 





Jaycar stocking 
Magnavox 








Mena speakers are back on the market, thanks to lo- 
| cal manufacturer, Eltec, and you'll find them stocked 
at Jaycar outlets across the nation. 


Jaycar are stocking a range of 
tive drivers: the 12MV-012 
3MV-003, 8W-020, 8WR-020 and 
che 8JX. The 12MV-012 is rated 
at 100 W RMS, has a claimed 
‘ree-air resonance of 23 Hz, a 
sensitivity of 96 dB and features 
a 38 mm diameter long-throw 
voice coil. Jaycar’s price is 
$69.50. 

The 8MV-003 is billed as a 
‘eplacement for that legend of 
he ’70s, the Magnavox 8/30. It’s 
‘ated at 100 W, the free-air 
‘esonance is quoted as 32 Hz 
ind sensitivity as 95 dB. List 
rice is $89.50. 

The 8W-020 is a 60 W woofer 
or $32.50, while the 8WR-020 
nd 8JX are both wide-range 
win-cone units for $34.50 and 
26.50 each, respectively. 

Jaycar has five stores in Syd- 
ey and one in Brisbane. Head 
ffice ’phone is (02) 747 2022. 


finy tranny 


<V eeking a tiny pc-mount 
J mains transformer for a 
ow voltage on-board supply? 
Melbourne-based retailer, All 
jlectronic Components has 
available a 240 V to 6 V tranny 


Jroject support 


measuring 35 mm wide by 29 


mm deep and standing)just 25 
mm high featuring tinned wire 
leads for pc board mounting. 
The label says ‘‘Dyne Type No. 
1244’’, which should be enough 
to identify them. 


= 
& = 
& = 
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The primary and secondary 
are wound on separate sections 
of the plastic bobbin, so 
primary-secondary isolation 
should be quite good for a wide 
variety of applications. The 
secondary is rated to deliver 100 
mA. 

For only $3.95, they’re worth 
checking out at All Electronic 
Components, 118-122 Lonsdale 
St, Melbourne 3000 Vic. (03) 
662 3606. 


rom Hi-Com Unitronics 


Pees for individual parts for projects, rather than whole kits 
only? Then consider Hi-Com Unitronics, located in Caringbah 
yn Sydney’s south side, for sourcing those individual components. 

Proprietor, Anthony Hui, advises he stocks all individual parts for 
he AEM6000 MOSFET Power Amp, the AEM4505 Code to Speech 
synthesiser and the AEM4600 Dual-Speed Modem. Naturally, you 
:an also get all the bits for our Super Simple Modem from Hi-Com, 


oo. 


And for our Elektor projects, try Hi-Com for those European com- 
donents. You'll find them at 7 President Lane, Caringbah 2229 NSW. 


(02) 524 7878. 





PROJECT BUYERS’ GUIDE 


This month’s Star Project, the RF Field Strength Meter, is.a very 
handy instrument for the amateur, CBer or communications serv- 


iceman. It is available as a kit from Dick Smith Electronics stores 


throughout Australia and New Zealand. ~ 
Constructors of the AEM5506 Lamp Saver should have little 


difficulty in obtaining components for this project as all parts em- 


ployed are readily available from almost any electronics retailer. 


The same goes for the AEM8501 Car Alarm. 


From our Elektor section, the Serial Digitizer has a few compo- 
nents you might have to hunt round for. The ADC0809 is a Nation- 


al Semiconductors device available from Geoff Wood Electronics 


in Lane Cove, Sydney. The CDP1854 UART is distributed by AWA 


‘Micro-electronics and is a rare retail item, but the General Instru- 
‘ments AY-3-1015, distributed by Daneva, is available at Jaycar 


stores in Sydney and Brisbane, Rod Irving in Melbourne and you 
might also try Hi-Com Unitronics in Sydney. For the TLC272, try 
Geoff Wood and Hi-Com Unitronics. The 2.4576 MHz crystal is 
a common item as it’s used in many modem designs. The rest 
should be readily available. 

The only ‘special’ component in the Headphone Amplifier is 


the TEA2025 stereo amp chip. This is distributed by Promark Elec- 
tronics (Sydney and Melbourne). Try Hi-Com Unitronics in Sydney. 


For the Dynaudio drivers used in the Satellite Loudspeakers, 
contact Scan Audio, 52 Crown St, Richmond 3121 Vic. (03) 
429 2199. The crossover components should be readily sourced. 


_The inductor (L1) is the same as L4 in our popular 6102 2-ways 


using the Vifa drivers. Jaycar stocks 100u and 22, bipolar capa- 
citors suitable for the project. 

The Loudspeaker Impedance Meter employs components 
which are, in the main, readily available. Prime sources we can 
suggest are Hi-Com Unitronics in Caringbah and Geoff Wood 
Electronics in Lane Cove, Sydney. You might also try All Elec- 
tronic Components in Melbourne. 

Constructors of the DC Operated Battery Charger should be 
able to source components through All Electronic Components 
in Melbourne, Hi-Com Unitronics and Geoff Wood Electronics 
in Sydney. 

If you’re interested in building the RMS-DC Converter, the Analog 
Devices AD536u is distributed here by Parameters. Try ordering 
through Hi-Com Unitronics or Geoff Wood Electronics, both in 
Sydney. We also note that RS Components list it in their current 
catalogue. 

The Rodents Deterrent employs components that are general- 
ly available, except for the transformer. One of the tiny bolt-on types, 
such as the 2824, may possibly be used. All Electronic Compo- 
nents have a pc-mount type with 6 V output that may well suit. 
Most electronic stores carry piezo transducers suitable for this 
project’s application, but choose something having the best sen- 
sitivity of those on offer. | 

The semiconductors for the Test Oscillator are not altogether 
common items. However, try Geoff Wood Electronics and Hi-Com 
Unitronics in Sydney, Radio Parts in Melbourne and Protronics 
in Adelaide. Reasonable substitutions may be tried with expecta- 
tions of success, although performance may differ. A variety of dual- 
gate FETs may be used for T1, such as the MFE131 (widely 
stocked) or 3N201 (stocked by RS Components), while a BF245 
(widely stocked) might replace the BF246, but the J112 (stocked 
by RS Components) is a direct substitute. The ferrite components 
specified may be obtained through Truscott’s Electronic World 
at Croydon in Melbourne, Electronic Components at Fyshwick 
in the ACT, Geoff Wood Electronics at Lane Cove in Sydney and 
Willis Trading in Perth. 

The BP 104 photodiode used in the Heart Beat Monitor is a Sie- 
mens device with a peak sensitivity at 950 nanometres and a 
reverse voltage rating of 20 V. The Siemens SFH205 and SFH206 
photodiodes may be acceptable substitutes. Check Siemens dis- 
tributor Protronics in Adelaide for supplies. The FET, T1, provides 
a constant current bias source for the BP104 so that pin 3 of IC1 
is held at 2.5 V. Substitutions may be made here, but R1 may need 
to be varied to obtain the correct bias. In lieu of the BS250, you 
might try a common dual-gate FET with both gates tied together. 
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Big box for big 
projects 


hen you need a truly sub- 
| stantial box for that truly 
substantial project, check out 
the new Australian-made K&W 
case stocked by Jaycar. 
Measuring 305 mm wide by 
150 mm deep and 200 mm high, 
it features the simple twin-U 
construction of the rest of the 
K&W range, together with 
plenty of slots in the top cover 
for ventilation. Jaycar list it as 
cat. no. HB-5468 at $22.95. 
Check it out at your nearest Jay- 
car store, or phone head office 
on (02) 747 2022. 


Amidon ring cores 


hose ferromagnetic RF 
cores by Amidon, so often 
specified in circuits and 
projects published US and Eu- 
ropean publications, are import- 


ed here by a small local firm 
known as RJ & US Imports. 

They stock a variety of the 
more ‘popular’ cores and can 
obtain others on order. Data and 
a price list is available by send- 
ing them a stamped, self- 
addressed envelope of size 
150 x 220 mm. 

If you’re looking for them 
over the counter, you'll find a 
range of the Amidon cores 
stocked by Geoff Wood Elec- 
tronics at Lane Cove in Sydney, 
Electronic Components at Fysh- 
wick Plaza in ACT, Truscott 
Electronics at Croydon in Mel- 
bourne and Willis Trading in 
Perth. 

You can contact RJ & US Im- 
ports at PO Box 157, Mortdale 
2223 NSW. 


Beating the heat 


Ror your favourite 
project of internal heat 
relieves stress on components, 
reduces failures and prolongs 
their life. 

‘You've gotta fan it to keep 
cool’’, says the old blues song, 
so install a fan in your project 
cabinet and move that hot air 
out. | | 


Fans can be picked up for bar- 
gain prices at Pre-Pak in Syd- 
ney. They have both three inch 
(80 mm) and five inch (120 mm) 
Muffin-style fans with 240 Vac 
motors, made by CIC of Tai- 
wan, for just $20. They also 
have ex-computer 5” fans with 
200 Vac motors for just $10! 

For these fan-tastic bargains, 
perambulate to Pre-Pak, 1a 
West St, Lewisham NSW. (02) 
569 9767. 

TOP VIEW 


Sveanauns 





Speech chips, 
again 


ooking for sources for the 

General Instruments speech 
synthesiser chips featured in 
our two speech synthesiser 
projects, the AEM4504 and 
4505? 


The SPO256A-AL2 was used 
in the 4504 Low-cost Speech 
Synth., while that was teamed 
with the CTS256A-AL2 in the 
4505 Code-to-Speech Syn- 
thesiser. Daneva distributes 
them. 

Ian J. Truscott’s Electronic 
World, of Croydon in Mel- 
bourne (03) 723 3860, has joined 
stockists Geoff Wood in Sydney 
(02) 427 1676 and Eagle Elec- 
tronics in Adelaide (08) 
271 2885. 


Silver mica caps 


Si mica capacitors are 
renowned for their low loss 
and low drift characteristics. 
They are ideal for many RF ap- 
plications from the low frequen- 
cies through VHF. 

Sheridan Electronics have sil- 
ver mica caps in assorted values 
from 1 pF to 17n8 (!) and toler- 
ances from 0.5% to 5%. They 
come in bags of 200 for a meas- 
ly $10, and it’s worth buying 
two at that price. 

For savings on silver micas, 
slip on over to Sheridans at 
164-166 Redfern St, Redfern 
2016 NSW. (02) 699 5922. 





— from page 32 

Generally, the industry acknowledges that it’s a tough mar- 
ket out there, but innovation and value for money will win 
the day, not price points alone. 


Bits and pieces 


The distinctionbetween musical instruments and computers 
is becoming distinctly blurred. Commodore, the computer 
company, was showing off MIDI (musical instrument digi- 
tal interface) system keyboard interfaces for their Amiga and 
C128, teamed with some snazz music composition software. 
Yamaha, the musical instrument company, virtually did the 
opposite. Meanwhile, Technics showed a range of home key- 
board instruemtns incorporating sophisticated digital 
processing and ’computer’ features, including floppy disk 
recorder add-on units. 

MIDI is definitely here to stay in both home and pro musi- 
cal instrument applications, particularly with keyboards. The 
marriage of computers and musical instruments will likely 
influence music composition in the same way as computers 
influenced word processing — by removing the mechanical 
drudgery to free our creative spirit. 

Commodore, Microbee and Mobex (with the Atari range) 
were the only prominent computer exhibitors this year. Com- 
modore and Mobex made musical applications the focus, 
while Microbee stuck to appealing and useful applications 
while showing off their new product lines. 

The Atari 520ST and 1040ST computers attracted a lot of 
interest for Mobex, and they have the singular feature of CD- 
ROM interface ready for when that product hits the market 
(next year we hear). 

Microbee’s new product line-up featured the Teleterm and 


Chalkboard. The Teleterm is a dedicated communications 
package, specially designed for business users who want to 
access on-line databases like Telememo and Viatel. Of interest 
among its many features are its graphics-based windowing 
facility with pull-down menus and dialogue boxes all in full 
colour. The Chalkboard is a touch-sensitive ‘graphics tablet’ 
surface that bypasses your keyboard for drawing applica- 
tions. Microbee’s Electric Paintbrush software is bundled 
with it — you’ve got to see it to realise its features. 

Car sound gets more extravagant by the year it seems. Eu- 
rovox, Alpine, Nakamichi and Kenwood vied for top dog in 
the extravaganza stakes this year — and you can pay more 
the the gear than the cost of the car! 

West Australia’s local industry put their best foot forward 
this year, not just to show visitors they weren’t in hicksville, 
but to demonstrate they’re up there in the technology stakes, 
too. The Show‘s ‘token dignitary’, Federal Minister for 
Science, Barry Jones, spent some time toying with the Parry 
Corporation’s underwater surveillance robot on opening day, 
to the delight of the TV crews and show organisers. The en- 
trepreneurial spirit is certainly alive and energetic in the 
west. 

Overall, the eighth Perth Electronics Show was up to past 
performance, but I got the feeling it lacked a little of the “‘lus- 
tre’ of past years. Maybe I’m jaded, though I found the show 
enjoyable. Where was the behind the scenes camaraderie and 
banter of years past? 

Next year, the ninth show, the organisers plan to move to 
the Burswood Island Casino and hold it in October, a quan- 
tum leap up-market in venue and throwing it smack into the 
hustle-bustle of the Cup challenge. Good luck, fellas. See you 
there! & 
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Anthony Tilbrook 
David Tilbrook 


A current-sensing car alarm 
with ignition killer 





This alarm is straightforward to build, yet provides features 
not available on many higher cost off-the-shelf car alarms. 


IN RECENT YEARS the crime rate in all sectors of the com- 
munity has increased to an all-time high. The most dramat- 
ic increase seems to have been in car theft. We are all aware 
of this disturbing fact. However, the rate and ease with which 
our vehicles can be stolen is staggering to say the very least. 


It has been estimated that a professional car thief can enter > 


and start a vehicle in less than thirty seconds, which would 
look to the unsuspecting bystander like a completely normal 
and innocent entry to a vehicle. 

Although most people have insurance, there is no real 
replacement for prevention and the peace of mind that it 
brings. How often have you parked your vehicle somewhere 
secluded and had a fleeting doubt as to whether it would be 
there when you returned? No car alarm is infallible, and 
therefore no car will be completely safe from the most de- 
termined of thieves, especially professionals. However, most 
alarms will deter that most common of car thieves, the joy 
rider. 

The first job of any alarm is to act as a deterrent. It must 
convince a would-be thief that stealing that particular vehi- 
cle is going to be impractical. However, if this fails then it 
is the alarm’s job to attract the attention of people in the 
general vicinity to the illegal entry as the last thing a thief 
wants is undue attention. The sound of a blaring horn is 
usually enough to deter thieves from their task. But if the thief 
is determined enough to steal the car even with the sound 
of the horn ringing in their ears, it should then be the job 
of the alarm to render the vehicle useless. 

While this sounds ideal, the problem that most of us en- 
counter is that the effective commercial units available to- 
day are quite costly. This is not to say that it wouldn’t be 
money well spent. However, we feel we have something to 
offer enthusiasts who wish to secure their vehicles. It was 
with this criteria in mind that we designed the AEM8501 Cur- 
rent Sensing Car Alarm (with ignition killer). This is a seri- 
ous attempt at an inexpensive, yet extremely effective, 
safeguard for your vehicle. 


Design features 


As the name implies, the project operates by measuring the 
voltage drop across the small but finite resistance of the bat- 
tery earth strap. This voltage drop will be caused by any ac- 
cessory, for example the courtesy light, switching on at the 
moment of opening a vehicle’s door, bonnet or boot. Details 
of how the circuit operates are described in the section head- 
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The completed project is housed in a 
box. Connection to the vehicle’s electrics is made via 
screw terminal blocks mounted on the box lid. 


ed “Circuit Operation’’. As discussed earlier, the features 


which are foremost to the protection of a motor vehicle must 


be incorporated into any serious alarm project. 

With the AEM8501, the first line of defence for your car 
is a flashing light which tells the potential thief that an alarm 
is installed and that disturbing the vehicle will attract atten- 
tion. This light is incorporated in the circuit so that, after 
arming the alarm there is a 30 second delay before it begins 
to flash. Once the alarm is set the light will turn on constantly 
for 30 seconds, after which time it will begin to flash, indicat- 
ing the alarm is armed. This represents the amount of time 
allowed for you to exit the vehicle (the ‘exit delay’). Once the 
light begins to flash, any current drawn from the battery will 
trigger the alarm. 

Once the alarm has been triggered, the light will cease to 
flash, which indicates there is 30 seconds before the horn 
will begin to sound. This doubles as the ‘entry delay’. i.e: you 
have 30 seconds in which to enter your vehicle and switch 
off the alarm. 

How to disarm the alarm quickly became a major problem 
as we realised conventional methods of disconnection were 
all too easily discovered and beaten by a determined thief. 
The hidden switch method became impractical as we rea- 
lised the entry delay required was long enough for most 
thieves to find the switch and thus disarm the alarm, giving >» 
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CIRCUIT OPERATION 


The alarm is powered by the 12 V battery in your, car but is regu- 


lated down to 5 V by the 7805 voltage regulator, IC4. Capacitor | 


C7 is present to provide high frequency stability. All external wir- 
ing is protected from RF interference by RC filtering. 

As mentioned in the main text, the circuit operates by sensing 
the voltage drop across the small but finite resistance of the bat- 
tery’s earth strap. The LM394 is a ‘super-matched pair’ of transis- 
tors which perform the function of detecting and amplifying the 
minute voltage drop induced across battery earth strap. The in- 
clusion of the transistors in the same package helps to ensure that 
the two devices track each other very closely. This matching all 
but eliminates the chance of false triggering due to temperature 
variations. — 

While no current is drawn from the battery (save for that drawn 
by the alarm), the voltage difference between the collectors of Q1 
and Q2 is small. Once a voltage drop appears across the earth 
strap however, a voltage difference appears between the bases 
of Q1 and Q2. The emitter of Q1 is pulled to a higher potential than 
the emitter of Q2. 

This voltage difference is then amplified by the input stage and 
monitored by IC5, an LM311 comparator. The LM311’s output will 
switch high if the voltage on its non-inverting input (+ve input) 
reaches a greater potential than its inverting input (-ve input). The 
bases of Q1 and Q2 are joined by a 2k preset which performs the 
function of a sensitivity adjustment. This operates by introducing 


a slight mismatch between Q1 and Q2 by unbalancing the drive 
to their bases. A voltage difference can be introduced in the oppo- 
site direction to that introduced by the triggering condition. Since 
this voltage offset must be overcome by the triggering input, it helps 
to ensure freedom from false triggering. 

When the SET switch is pressed, C1 discharges via R2 which 
pulls pin 8 of IC1c low, thus setting the latch formed by ICic and 
IC1b. Pin 10 of IC1c now goes high, which begins to charge C4 
via R14. The time delay introduced by this RC network provides 
the exit delay. This time constant is calculated by the formulat = 
RC, which in this case allows approximately 30 seconds for you 
to exit the vehicle. During this time, the low present on pin 12 of 
IC2d will prevent the output of IC2d from going low. 

After the exit time has elapsed, the voltage across C4 will have 
reached the Schmitt input level of |C2d and IC3b. Once this has 
occurred, the high on pin 12 of IC2d will enable the output of the 
voltage comparator to control the state of pin 11 of IC2d. A high 
on pin 7 of the voltage comparator will result in a low at pin 11 of 


IC2d, setting the ‘alarm triggered ‘ latch formed from IC3d and IC3c. 


A high on pins 5 and 6 of IC3b causes pin 4 to be taken low, which 
allows pin 2 of |C1a to be toggled high and low by the 555 timer 
(IC6). Prior to this (i.e: before the exit delay period has elapsed) 
a high will be present on the output of IC3b, which is coupled via 
diode D9 to pin 2 of IC1a. This prohibits this pin from being taken 
low by the output of the NE555 timer and hence prohibits flashing 
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of the alarm warning lamp. Once the exit delay period has elapsed, 
the alarm is armed. 

If the vehicle is tampered with and the alarm is triggered, the 
output of the LM311 will go high forcing pin 13 of |C2d high. This 
will switch pin 11 of IC3d high, charging C6 via R17 forming the 
time constant to give an entry delay, at the same time charging 
C5 via R15. This time constant provides the time for which the alarm 
will sound after triggering. Once C6 has charged, pin 1 of IC3a 
switches high enabling the output of the NE555 to determine the 
output state of |C3a, which in turn causes the horn relay to be ac- 
tivated. The relay is toggled on and off at the rate set by the fre- 
quency of oscillation of the NE555. The alarm will sound until the 
capacitor C5 is charged to a sufficient voltage to exceed the Schmitt 
input level of |C1d. When this occurs the output of IC1d is taken 
low which will have one of two possible effects depending upon 
the option selected. If the auto-reset option has been selected , 
as shown in the circuit diagram, the low at the output of IC1d resets 
the alarm-triggered latch formed by IC3d and IC3c. This in turn 
discharges capacitor C5 rapidly via diode D13, automatically re- 


arming the alarm. Note that if the triggering condition continues - 


to exist after this occurs the alarm will be retriggered. 

If the auto-disable option has been selected, on the other hand, 
the low at the output of IC1d resets the alarm-armed latch formed 
by ICic and IC1d which disables the alarm completely. 
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OPTIONAL IGNITION KILLER 


The keyswitch anti-disarming circuitry has been designed to 
decrease the possibility of a potential thief disarming the alarm sim- 
ply by shorting across the rear of the key-switch. This was achieved 
by developing circuitry which would sense the presence of the cor- 
rect resistance before disarming. As the keyswitch is turned 12 Vdc 
is applied to the potential divider formed by resistors R28 and R4, 
which in turn applies approximately 4.3 V to point G. This charges 
C2 via R3, which was previously held discharged by R4. Once the 
capacitor charges, pins 5 and 6 of IC2b will exceed the Schmitt 
threshold of |C2b, the output of which is then taken low, disabling 
the alarm. If an attempt is made to short the contacts on the rear 
of the keyswitch together, a full 12 V will be applied to point G in- 


stead of 4.3 V. This voltage is then enough to switch on ZD1 and 


D2. This switches the transistor, Q3, on which prevents capacitor 
C2 from charging, hence preventing the alarm from being disabled. 

The automatic ignition killer is operated at the instant the alarm 
is triggered. Once pin 11 of IC3d goes high, pin 10 of IC3c goes 
low turning Q4 and Q5 on, activating relay RL2. This relay can be 
used to disable the ignition, preventing the car from being started. 

Gates IC2a and IC2c are used to form a latch, which becomes 
triggered, once the alarm is triggered but which remains triggered 
even after the alarm has been disabled. This latch is used to stop 
flashing of the alarm-armed warning lamp to provide an indication 
that the alarm has been triggered. 


a 
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them all the time needed to steal the car. Finally, after much 
deliberation, we decided on the use of a keyswitch. Unfor- 
tunately, key switches have their own set of problems to 
overcome. 

For a keyswitch to be practical it needs to be fairly acces- 
sible to the user. This means the potential thief only needs 
to pull the leads off the back of the switch and short them 
together to fool the system. This of course is completely un- 
satisfactory for an effective alarm. That is why the AEM8501 
has been designed to disarm only when it sees the correct 
impedance. If the circuitry sees anything else it will not di- 
sarm but instead will trigger as though an ‘incorrect’ condi- 
tion exists. A description of how to create such a keyswitch 
‘5 set out in the construction section later in this article. 

If the alarm is not disarmed in time the horn will begin 
to sound at the same rate the light is flashed. Another fea- 
ture of the alarm is that, after a predetermined time dictated 
by the design, it will reset itself in one of two ways decided 
by the user. 

The first option is one which resets the alarm to its origi- 
nal condition. In this case, the alarm will sound as long as 
the break-in condition prevails. The other option is to have 
the alarm switch itself off. How to implement the option you 
have chosen is described in the construction. Once triggered, 
the light will remain constantly on. For example, if a thief 
has opened the car door and has been deterred by the alarm, 
slammed the door and fled, the horn will sound for about 
six minutes, when the alarm will reset itself according to the 
option you have chosen. The light will remain on constantly 
to inform you of the vain attempt when you return to the 
vehicle. 

The features already stated are enough for a perfectly good 
alarm. However, there still remains the stubborn thief who 
might attempt to drive the vehicle with the horn blaring. To 
prevent this, we decided to include as an option an automatic 
ignition killer. When the alarm is triggered by the intruder 


the ignition is instantly shorted out, not allowing the engine 
to start until the triggering condition is removed. If this op- 
tion is not required, then some of the components will not 
be necessary. These are pointed out in the construction 
section. 


Construction 


Circuit-wise, the AEM8501 is relatively simple, but construc- 
tionally, the project isn’t trivial. A highly dense printed cir- 
cuit board, along with mounting the device in any vehicle, 
makes this project a challenge. Nevertheless, if you’ve had 
4 moderate amount of construction experience, you'll find 
the results rewarding. 

The process of construction should begin with a thorough 
check of the pc board. The board was designed with the aid 
of a computer program called Smartwork. When using this 
program the board is laid-out at twice its final size, which 
helps to increase the density of the components and tracks. 
This is then plotted onto Herculine film which is pho 
tographed to half original size (50%) using a bromide camera 
A 50% reduction from the original has the effect of reduc 
ing the pads and the size and distance between the tracks 
All of this, added to the fact that the project had to be made 
as compact as realistically possible so as to be mounted un 
der the dashboard of the ‘average’ car, resulted in a boarc 
that is fairly dense and in some places becomes a little 
difficult to solder. It is because of this that we strongly recom 
mend a thorough checking of the pc board before and afte: 
soldering to ensure that there are neither copper nor solde 
bridges present. As some of the tracks tend to be rather close 
it is a good idea to use a magnifying glass of some descrip 
tion to ensure a thorough inspection. If available, we woul 
recommend the use of a fine tip on your soldering iron t 
facilitate ease of soldering. — to page 123 
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Re THE ALTERNATIVE 20 MHz OSCILLOSCOPE b.° ON 


While other 20MHz CRO’s are content to be like the rest, GW offers you the real alternative. The GOS m7 
522 is a 2 Channel, CRO with a unique ‘ALTERNATIVE TRIGGERING’ mode between Channels 1 and 
2. This allows you to compare test points between good and bad boards simultaneously! 


GW Instrument’s GOS-522 offers more 
‘real’ facilities for your dollar: 


@ Fast 20ns/DIV sweep speed — for high precision 

@ Large 6 inch rectangular, internal graticule CRT 

@ Trigger Level Lock and Variable Hold-off — for operating ease 
@ DC Trigger Coupling — for low frequency signals 

@ AUTO NORMAL and SINGLE SHOT sweep modes 


Gw’ S “ALTERNATE TRIGGERING’ MODE: 
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signal. signal. Both traces 
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ATTENTION 


Sound Professionals demand high 
quality loudspeaker systems at home, in 
the car and at work. 

Only Bose hifi speakers produce a 
combination of reflected and direct sound, 
similar to what you hear at a live concert. 
Not to mention stereo throughout your 
listening room, not just between the 
speakers! 

If you demand quality with lifelike 
performance you owe it to yourself to 
check out Bose Direct Reflecting Speaker 
_ systems for your home and car very soon. 











Please send me further information 
on Bose Speaker Systems. 
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An electric fence controller 





Part | 
Graeme Teesdale 


with variable output 





Most electric fence ‘controllers’ generate a high voltage pulse output of. 
fixed amplitude of around 3-5 kV, although the actual amplitude 
depends on the fence ‘load’. While the higher outputs are effective with 
larger animals, such as horses and cattle, lower outputs are better used 
for controlling access of smaller beasts fo defined areas - like keeping 
dogs off your garden (or even snails, it has been suggested). 


SO-CALLED ‘ELECTRIC’ FENCES are widely employed for 
animal management in the agricultural industry. They are 
designed to keep animals either IN or OUT of a defined area. 
The fence itself is comprised of one or more wires support- 
ed by insulators attached to posts or stakes. (See Figure 1). 
The fence may be a permanent or temporary fixture. A ‘con- 
troller’ is attached between the wires and a ‘ground’ stake. 
The controller sends out short duration, high voltage pulses 
at intervals of a second or so. An animal making contact with 
the fence while standing on the ground will receive a short 
duration ‘kick’ from the fence, brought about by muscular 
contraction due to the electric pulse from the fence. This does 
not physically injure the animal, as do barbed-wire fences 
for example, but they learn not to contact the fence. 

Australian Standard AS3129 covers the specifications re- 
quired for electric fence controllers sold in Australia. When 
boiled down, AS3129 permits a peak output not exceeding 
5000 volts when the controller is driving into a load im- 
pedance of one megohm and a suitable amount of 
capacitance to cause peak output. In addition, the output cur- 
rent into a 500 ohm load shall not exceed 300 milliamps for 
a duration of more than 300 microseconds (0.3 ms). The time 
period between the peak 300 mA and when it drops to 5 mA 
should not exceed 100 ms (0.1 s), while the minimum time 
interval between pulses should not be less than three-quarters 
of a second (0.75 s or 750 ms). 


Design considerations 


The principle of operation of electronic electric fence con- 
trollers is similar in many ways to a capacitive discharge ig- 





nition system. Both charge up a capacitor with a dc voltage 
in the region of 200 to 500 volts, then use an SCR as a switch 
to discharge the capacitor into the primary of a suitable out- 
put transformer. The general arrangement is shown in Figure 
ee 

In the past, I have seen electric fence designs that use a 
car ignition coil as an output transformer. However, whilst 
on the face of it this seems a good idea, a car ignition coil 
is unsatisfactory because the output impedance for the re- 
quired mass power transfer is too high, resulting in poor 
pulse energy and an ineffective fence. In addition, the isola- 
tion specifications necessary do not meet AS3129 standards. 
The output transformer is probably the most critical com- 
ponent in the design. 

For the sake of versatility, I decided to make this project 
battery-operated. However, it is easily converted to mains 
operation by using a suitable dc supply. 

Most capacitive discharge ignition circuits employ a self- 
oscillating inverter. In this design it was abandoned in favour 
of an externally-driven (‘oscillator-driver’) type for the fol- 
lowing advantages it offers: 

(i) it reduces the complexity of the driver transformer. 
(ii) the circuit’s frequency determining components are 
external. 
(iii) current drawn by power driver circuitry can be con- 
trolled by changing the mark-to-space ratio. 


Figure 1. General arrangement of an electric fence. 
Several wires may be strung parallel to one another and 
connected together. Often, unenergised wires will be 
interspersed between the ‘live’ wires. 
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Figure 2. Electric fence controllers 
have much in common with 
Capacitive discharge ignition 
systems. An oscillator is 
transformer coupled to a rectifier 
which charges capacitor C via the 
path indicated. The SCR acts as a 
switch when triggered, discharging 
C through the primary of the 
output transformer, supplying a 
high energy, high voltage pulse at 
the secondary. 


The capacitor in a capacitive discharge ignition system is 
zenerally no greater than 1 pF, and is typically 0.5 uF. For 
2lectric fence controllers, where the pulse energy needs to 
de greater, the discharge capacitor can be as large as 100 pF! 

With such a large capacitance on the output side of an in- 
verter, it is doubtful whether a self-oscillating inverter would 
start oscillating! The design presented here has been tried 
with a total discharge capacitance (made up from several 
parallelled capacitors) of 25 uF without any evident problems. 

Designing a controller to drive a pulse of energy into a long 
fence line is not quite as simple as it appears. The fence 
‘looks’ very much like a transmission line, having distribut- 
2d inductance and capacitance, plus series and parallel loss 
resistance. Figure 3 illustrates. 

The loss resistance can be quite substantial as joints are 
normally made by twisting the galvanised steel fence wire 
ends together. In my experience, the more powerful electric 
fence controllers will weld together such joints with their 
high current pulses. 

If a short occurs on the fence fairly close to the controller, 
the pulse energy sent out will be ‘reflected’ as the fence be- 
haves as a transmission line, and large amplitude reflection 
pulses can occur at the controller terminals, sometimes in- 
verted (i.e: with the opposite polarity to the pulses sent out). 
These pulses produce a damped oscillation output. To pro- 
vide a good energy transfer, the output impedance of the con- 
troller must be low, hence the secondary of the controller’s 
output transformer is generally wound of heavier wire and 
using fewer turns than would be found on an ignition trans- 
former. The disadvantage here is that the transformer re- 
quires a high volts/turn ratio and this necessitates splitting 
the secondary winding into several sections and encapsulat- 
ing it in a potting compound, or vacuum-impregnation, to 
eliminate the possibility of arcing between the windings, es- 
pecially on open-circuit load (the worst-case condition). 
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The peak pulse output performance of the controller de- 
pends on the nature of the load placed on the output termi- 
nals. Like any transformer, the secondary load (in this case, 
the fence) is reflected into the primary, and this affects the 
peak discharge current and pulse period delivered by the dis- 
charge capacitor (C in Figure 2). 

In theory, the mass energy, in joules, that the controller 
is capable of supplying, assuming no losses, is given by: 


Energy = 0.5 CV? joules 


A commonly available discharge capacitor suitable for this 
application is 6.5 wF/250 Vac. Its peak dc voltage capability 
is 250 x V2 = 350 V (near enough). Thus, the energy a con- 
troller can deliver using this discharge capacitor is: | 


O55 X6.5 1E%.. x (350) 
0.398, or about 0.4 joules 


The peak discharge current delivered by the capacitor is fairly 
high, around 25 to 30 amps, and will be a maximum when 
the fence terminals are short circuited. The SCR used would 
need to have an Izsy (maximum peak single cycle, non- 
repetitive surge current) greater than that and a di/dt (rate 
of change of current) of 30-40 amps/microsecond. I have 
specified a C122D for this project, which features an I7sy of 
80 amps and a di/dt of 40 A/ys. Other types may be employed, 
but they must have similar or better specifications. The cir- 
cuitry has actually been arranged so that a wide variety of 


SCRs with widely differing gate sensitivities may be used. p> 


Figure 3. The fence ‘looks’ rather like a transmission 
line, with distributed inductance and capacitance plus 
series and parallel loss resistance. The loss resistance 
can be quite substantial — arising from joints in the 
fence wire, wet grass etc touching the wire. 
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To control the output peak pulse amplitude simply requires 
turning off the inverter when the discharge capacitor has 
been charged to a predetermined level. 


The final design 


A block diagram of the final controller design is shown in 
Figure 4. As you can readily see, I have employed an 
oscillator-driver configuration for the reasons discussed earli- 
er. A 0.8 second-period switch drives the SCR gate, pulsing 
it at the required intervals. 

The rectifier output voltage is tapped off by a resistive 
divider and goes to the input of an ‘overvoltage switch’ cir- 
cuit. This turns off the driver circuit when the rectifier out- 
put exceeds the predetermined input threshold of the 
overvoltage switch. A potentiometer in the divider allows set- 
ting the overvoltage switch’s input level, and thus the point 
at which the driver is turned off. 
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Figure 4. Block diagram of the fence AEM9502 

controller project. The oscillator-driver inverter permits 
the use of a discharge capacitor of substantial value (ur 
to 20 uF) to achieve high energy output. The 
‘overvoltage’ switch arrangement provides for output 
voltage control. The secret of success lies in the output 
transformer which must have an output impedance of 
around 500 ohms. 


Thus, the discharge capacitor can be charged to as higl 
or as low a level as desired, within the control’s range, per 
mitting some amplitude variation of the output pulse. The 
actual amplitude will be determined largely by the fence 
‘load’, but this scheme permits good control nonetheless, anc 
you can set it to suit individual circumstances. & 
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Incandescent lamps exhibit a characteristic that shortens their working 
life - a very low ‘cold’ resistance of the filament that permits very high 

in-rush current at turn-on, especially at or near the mains peak voltage. 
This ‘slow-start’ circuit “smooths the way”, greatly lengthening the life of 
those expensive chandelier or spotlight lamps. | 


A NUMBER of Nobel prizes have come to wise men not be- 
cause they saw new physical effects, but because they ques- 
tioned them. Isaac Newtown was probably not the first to 
see an apple fall, but he pondered on the observation (so the 
story goes), and formulated the theory of gravity. This the- 
ory is involved in events as grand as the revolution of the 
planets, and as minor as your garbage bag ripping and spill- 
ing rubbish on the carpet. Similarly, this project was born 
out of a number of observations which together promoted 
some thought, and some research. 

Firstly, | was annoyed at the rate that one of the chandeliers 
in my house was blowing (expensive) globes. This provided 
the stimulus, rather than the direction, for designing a cir- 
cuit to counter the effect. 

Secondly, the magazine Choice published a report on light 
globes, purporting to show that all globes lasted as long as 
manufacturers claim, and saying that all globes purchased 
functioned perfectly. It was clear that the study had not al- 
lowed for certain effects, such as cold starting and cycling 
of the globes, or mains voltage variations. Its results just did 
not tally with what I had been told by numerous friends con- 
cerning their experiences with light globes. Neither did it 
agree with my own experiences. 

Thirdly, I had noticed speculation in various places as to 
the efficacy of turning globes on at the supply ‘‘zero-crossing”’ 
as a method of protecting light globes from failure. The idea 
is that most globes blow at the moment of switching on; when 
the power is first applied, the filament is cold and has a low 
resistance, and a lot of current flows. The sudden heating 
may be uneven in the filament. If one part gets hotter than 
the rest, the resistance in this part will increase, in turn in- 
creasing the dissipation there even further. This positive feed- 
back effect can escalate, with the result that the filament 
vapourises in one part before another is even warm, rapidly 
destroying the globe. (This is the familiar ‘‘plink’’ sound 
which hails the demise of a globe at the instant of switching 
on). Some people would have us believe that if the mains is 
only applied as it crosses zero volts, the relatively gentle sine- 
wave rise in voltage allows the filament to heat evenly, 
preserving the globe. There is no doubt that turning on the 
supply at a peak will aggravate the problem, but I am skepti- 
cal as to whether preventing it helps a lot. 

Lastly, I had noticed that an increasing number of traffic 
lights in Sydney appeared to be “‘moving slower’’. By this 
I mean that they changed from red to green, say, by dimming 
out the red lamp over a period of half a second or so, and 


simultaneously bringing up the green lamp over a similar 
period. I reasoned that this had to be deliberate. 

The makers of traffic lights have a strong incentive to 
preserve their globes: the cost of sending an indian to change 
a globe in a traffic light is many times the cost of a slow act- 
ing dimmer switch (or ‘‘lamp saver’, a name we coined for 
the gadget), quite apart from the danger involved in dead 
traffic lights. Thus, whatever they are doing is likely to have 
been checked out carefully. As more traffic lights slow-up, 
the more convince I became of the efficacy of the mechanism. 


The above considerations taken together, it appeared time p 


INCANDESCENT LAMP CHARACTERISTICS 


The ‘cold’ resistance of an incandescent lamp’s filament is around 
one-tenth to one-fifteenth that of its ‘hot’ resistance. When power 


| is first applied, the current that flows is entirely determined by the 


lamp’s cold resistance and the applied voltage. If you happen to 
turn the lamp on at or near the peak of the mains cycle, a 100 watt 
globe, for example, may draw as much as four amps or more! Typi- 
Cally, it takes around a third of a second for the current to fall to 
the globe’s steady state running current. 


Incandescent lamp 
Inrush current/nominal current 


= 


7 


le ——| Approx. 1/3 sec. 


Clearly, those first few mains cycles immediately after turn-on 
are important to the lamp filament’s life expectancy. Even if you 
only turn on the current when the mains is crossing zero, the peak 
in-rush current will still reach high enough values to stress the fila- 
ment, limiting its life. —_ 
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that a decent lamp saver was designed and tested. The re- 
quirements as I saw them were: 


1) The circuit must gradually increase power to the globe over 
a period of time, in the order of hundreds of milliseconds; 


2) The circuit must be sufficiently low in cost that it can be 
installed for much less money than a light fitting, although 
it can cost several light globes. (The idea is that it saves the 
effort of buying globes and replacing them, as well as the in- 
convenience of sudden darkness, together with the cost of 
a few globes over its lifespan. It can thus cost more than a 
few years’ supply of globes for one luminaire.) 


3) The circuit must fit inside a light fitting or the plate car- 
rying the lightswitch, so that it can be installed without 
demanding additional space or fittings. 


4) The circuit should be designed to withstand globe failure 
and electrical faults, etc. In other words, the household or 
globe fuse* should be more likely to blow than the triac em- 
ployed. 


5) The circuit should contain no peculiar or rare components. 
The AEM5508 fullfils all these goals. 


The Circuit Description covers the design and operation of 
the unit. 


Construction 


Before addressing the problem of assembly, three of the com- 
ponents deserve some comment to assist in selection of the 
component if you have not obtained it as part of a kit. 

The first and foremost is the triac. It is of course possible 
to use a triac of low rating — a 2 A/400 V device should be 
able to handle a 500 W load. Whatever the ratings of voltage 
or current, the power dissipated will be minimal in all con- 
ceivable domestic situations. Such a device will probably not 
be able to survive a fault condition, however. 

In a domestic installation with a ‘‘semi-enclosed rewira- 
ble fuse’’ (the porcelain 8 and 15 amp fuse holders common 
in Australia) a full fault current surge of up to 300 A or so 
will result when there is a bad short. This will typically blow 
the fuse in less than one cycle. A circuit breaker of the in- 
dustrial sort may allow the fault to continue for several cy- 
cles. It is hard to estimate the currents that flow with a bad 
lamp failure (the plink noise indicates such a fault). A guess 
would give a typical peak current of up to 150 A, resulting 
in the fuse incorporated in the base of most globes vapouris- 
ing in under one cycle, and possibly in under two mil- 
liseconds. 

In order to survive such a fault, the triac must withstand 
about 150 A peak. Most triacs will handle a peak of about 
10 times their maximum average rating. Thus you should 
select a device rated at something like 16 A. This is what I 
have recommended. If you are driving lamps of more than 
100 W apiece, such as garden floods or the more exotic Italian 
lamps with quartz globes, use a device of at least 25 A con- 
tinuous rating. 

The second component is R5, which sets the speed of turn- 
on. For simple 25-100 W globes, the speed set by our value 





*Common light globes have built in fuses. The thin wires 
connecting the filament supports to the metallic fitting or base are 
fuses. The idea is that if the filament shorts the support wires 
after a failure or the cold surge is extreme, large currents can 
flow. Since the globe will have to be replaced after this anyway, it 
is sensible to put the fuse that is to blow in the globe. There is no 
additional cost, since the wires must be there, and may as well be 
set to fuse at the correct level. All it costs is some care in design, 
and using heavier wires would only consume unnecessary metal! 





of 220k seems satisfactory. Pessimists and people with exot- 
ic globes are advised to use 470k, or even 1M, to slow the 
process right down, giving the lamp an extra chance to warm 
up at each use! As arule of thumb, increase R5 with increas- 
ing triac rating. 

Lastly, C1 should be mentioned. This is the single largest 
component in the whole circuit. It has been placed near the 
edge of the pc board so that it can be large, and overhang 
the edge if necessary. The value of 220n is the minimum value 
which can reliably used. If you have a suitable capacitor on 
hand, or wish to substitute another, these are the require- 
ments: It must have a value of between 220n and 1 uF, and 
a voltage rating of at least 400 Vdc or 250 Vac. | 

Having collected all the components together, the assem- 
bly consists of simply following the overlay supplied. None 
of the components are particularly fragile. Only resistors and 
the two polyester capacitors can go in either way around. 
All the others have right and wrong orientations. While sol- 
dering the board, check for small bridges, hairline cracks or 
bad joints. Remember that there will be a lot of hassle get- 
ting at the board later. 

There are three options for making the external connec- 
tions. You can either leave the external connection pads blank 
and solder the wires to them as you install the circuit, or in- 
stall small soldering posts onto which you can solder the 
wires later, removing the need to thread connections through 
the board, or attach wires now and merely connect these to 
terminal blocks at installation time. If you have terminal 
blocks where the board is going, we recommend the latter. 
The former methods save the cost and volume of screw ter- 
mination blocks. >» 
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Miscellaneous 
AEM5506 pc board; mains rated 
hookup wire. 


Estimated cost: $1 5-$20 
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CIRCUIT DESCRIPTION 


The circuit is rather intricate for something occupying a few square 
centimetres. It is more easily understood in electronic terms once 
its action is described in logical terms. The circuit basically develops 
two voltages. One is reset every time the mains crosses zero volts, 
and it rises in a (non-linear) ramp upward for the 10 milliseconds 
following each zero crossing. It starts from a couple of volts each 
time, and reaches about two thirds of the supply. The second vol- 
tage starts at the supply voltage (12 volts) and slowly drops toward 
zero. Each time the second, slower, falling ramp voltage is over- 
taken by the first, faster rising ramp, the triac is triggered. 


Vmains 


SLOW RAMP 





Initially, the second ramp is above even the highest point of the 


fast ramp, so nothing happens. This time gives the electronics an 


opportunity to stabilise after the switch is turned on. After a while 
(tens to hundres of milliseconds with the components we have used) 
the faster ramp will just reach the slower at the end of a half cycle 
of mains. Thus the triac will trigger for a short interval. This is the 
case depicted in the second quarter of the figure below. Gradual- 
ly, the period of trigger in each cycle increases, as the overlap be- 
tween ramps grows, and the globe(s) come slowly up to full 
brightness. When the slow ramp falls belows the lowest level of 
the fast one, the lamps reach the full-on condition. 


Electronically, the circuit may be broken down as follows: R1,. 


R2, IC1 and the triac form an eletrically isolated electronic switch, 
by which the other circuits may control the power. R3, C1, C2, D1, 
D2, ZD1 and R4 form a novel power supply which provides the 12 
volts without the need for a transformer or large resistors. R6, LED1, 
R7 and Q1-3 form a small comparator which compares the ramps, 
and drives the switch IC. C3 and R5 develop the slow ramp. C4, 
R8 and R9 develop the fast ramp. LED2, Q4-6, and R10-11 form 
the zero crossing reset circuit which restarts the fast ramp with each 


_ half cycle. The resistor, R12, in the collector of Q2 is used to pre- 











(A3) 






Circuit of the Lamp Saver. 
Note the provision of an 
external potentiometer for a 
manual dimming control. 





vent oscillation, while D3 is used to quickly reset the circuit once 
the switch is opened, so that if it is reclosed after a moment, the 
circuit is ready to act correctly again. 

The power supply is a charge-pump type. During the negative 
half cycles of the mains, C1 is charged up to almost -350 volts 
via D1. The charge on C1, Q, equals CV in this case, or about 
75 uC (microcoloumbs). R3 is present to limit surges that might 
damage the diodes if the switch were to be closed mid-cycle. When 
the supply goes positive, C1 is charged the other way, to almost 
+ 350 volts, but this time via D2 and C2. This time, 75 uC of charge 
is placed on C1 the other way around. The total charge transferred 
is about 150 w»C. The same charge is fed into C2, of course. Again 
noting that Q = CV, we see that about 3 V is accumulated on C2. 
Should this cause its voltage to exceed 12 volts, ZD1 clips off the 
extra, bypassing some of the charge fed to C2. Thus a low voltage 
supply is derived from the mains with very little loss of energy, since 
capacitors do not waste any energy at all. R4 serves only to dis- 
charge the capacitors after the supply is turned off, resetting the 
Circuit. 

The slow ramp is developed as C3 charges via R5 and the base 
of Q1. Thus C3 and R&5 set the speed with which the circuit acts. 
Increasing R5 up to 1M will cause a more ‘slothful’ action. 

Transistors Q1-3 are a small comparator amplifier. R6-7, Q3 and 
the LED form a current source, while Q1 and Q2 switch the cur-. 
rent alternately via IC1 to trip the triac, or directly to the supply. 
The two ramp voltages appear on the bases of Q1 and Q2. 

When IC1 is fed current by Q2 (that is, when Vg.,>VoQ,,) it fires 
the triac. IC1 is an optically isolated triac driver designed for this 
special purpose. 

The fast tramp is developed on C4. When the mains voltage is 
near zero, neither Q5 nor Q6 is turned on, and thus R10 biases 
Q4 on. Q4 discharges C4 via LED2. The LED ensures that the capa- 
citor is only discharged to about 1.8 volts, so that when the slow 
ramp falls below this level, the triac is continually driven. When 
the mains is positive, Q5 is turned on, and Q4 off. When the mains 
is negative, Q6 is turned on and Q4 off. Thus the fast ramp is reset 
to just below 2 V at each zero crossing, synchronising the circuit. 

As the triac spends most of its working life solidly conducting, 
no ‘‘snubbing”’ or RF suppression components have been fitted. 
These would greatly increase cost and size of the unit. Provision 
is made for the circuit to have an external pot for dimming the lights 
manually, but the action is not smooth and low dimming levels not 
stable in a lot of cases. Because the function of the circut is not 
primarily that of a dimmer, the cost of ‘‘cleaning’”’ up the action 
in terms of additional components is not seen as worthwhile. 
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Installation 


The AEM5506 board is designed to be installed behind the 
plate carrying the lightswitch itself. The circuit is designed 
to have a connection to the unswitched active of the house 
wiring, as well as the active interrupted by the switch. It re- 
quires a connection to neutral, and to the luminaire. (A lu- 
minaire is any light fitting with one or more lamps mounted 
in it!) It is not necessary for it to be connected to the neutral 
wire leading to the luminaire, though provision is made for 
both house neutral and luminaire neutral to be terminated 
at the board. 

It can operate with only the switched active connection; 
that is, it is not vitally necessary to have a connection to the 
unswitched active for operation. Thus, there are four ways 
that it can be wired up. These are depicted in Figures 1 to 
4, which are discussed later on. The method you use will 
probably be determined by just what cables are accessible 
behind the switch plate. In other words, the method of wir- 
ing will be determined by how your house is wired up. 

There is a problem with any triac-based circuit, however, 
which makes the unswitched active connection desirable. 
Triacs and SCRs suffer from the problem that a rapidly ap- 
plied voltage will cause triggering without any external gate 
signal having been applied. (This is caused by exceeding the 
‘“dV/dt’’ rating of the device. The limitation arises from un- 
avoidable junction capacitances within the silicon of the 
device.) _ 

If the active connection is suddenly applied to the circuit, 
and the mains is part way through a cycle at that instant, the 
triac will trigger and conduct for the remainder of that half 
cycle. This may cause a brief glow in the lamps at the ins- 
tant of turning on, if the whole circuit is wired to the switched 
active, instead of having a permanent active connection. No 
globes that we have investigated fail with the energy deli- 
vered in one half cycle, so we believe that the effect is pure- 
ly of nuisance value, and will not compromise the 
preservative effects of the circuit. 

It is interesting to contemplate the effects of this dV/dt limi- 
tation on any circuit which uses the simple zero-crossing 
powerup idea mentioned previously. If there are no snub- 
ber components (an RLC arrangement around the triac) the 
triac will almost certainly trigger at the instant that the vol- 
tage is applied to it. If there was no continuous active con- 
nection separate from the switched one, this would 
completely cancel the good effects (if any) which might other- 
wise have been produced! Since snubber components con- 
sist of a relatively sizeable capacitance, resistance and 
inductance, the cost and size considerations often mean that 
they are left out. Beware any such circuit! 

So, to installation. You may elect to have it installed by a 
professional, or do it yourself. (Some states forbid the latter). 
Decide where you are going to place the board. It it is wi- 
thin any metal structure, such as a light fitting, the board will 
need to be insulated from the metalwork. (The metal will, 
or normally should be, grounded.) The best method is perhaps 
to use paper. Paper is a good insulator, and contrary to in- 
stinct, is difficult to ignite by simple heat; it will resist burn- 
ing to over 230 degrees Celsius, before which most light 
fittings will burn or melt themselves. Most capacitors were 
once made with paper as the insulator. If you wish to use 
paper, fold it until it is thick enough to prevent the sharp wire 
ends punching through, and, after connecting the board, 
wrap it neatly. 

Once the position is decided, identify the wires present in 
the enclosure. Determine if unswitched active is available, 
as well as the switched active, and also determine whether 
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Figure 1. Switched active only, neutral termination 
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Figure 2. Only switched active, only neutral return wire. 
ACTIVE © | 


LIGHT 
SWITCH 


“AEMSS06 











TO 


NEUTRAL © NEUTRAL 


Figure 3. Unswitched active, neutral termination. 
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Figure 4. Unswitched active, only neutral return. 


it will be necessary to cut a neutral wire to make connection 
to it, or if there is any neutral connection nearby. With these 
two pieces of information, select the appropriate wiring con- 
nection from the choices in Figures 1-4. 

Before touching any wires, turn on the light. Now remove 
the house fuse. Check that the light has gone out. Turn = 
— to page 126 
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such has been the popularity of the AEM6103 loudspeakers since 
the design and construction was first published in January ‘86, that 
we've received continuous requests for a blow-by-blow ‘handyman’ 
style description for assembling the kit produced by Scan Audio. 
Here it is, presented with the kind photographic and manual 
assistance of Gunther Boeckenhauer - now there’s no reason not to 
treat yourself to a pair of these fine speakers! 


ASSEMBLING a pair of these loudspeakers 
is a pleasure as the kit is very well made and 
fairly easy to assemble. The only tools need- 
ed to assemble the kit were a Phillips-head 
screwdriver, a small hammer, a trimming 
knife (or a good pair of scissors), a half-round 
file and a hand or power drill. You will need 
a few pieces of scrap wood or masonite to aid 
assembly. In addition, you’ll need to have on 
hand, or purchase, the following: 


a tube of Liquid Nails or Silastic 

a can of adhesive spray glue 

a can of black spray paint 

one roll of 50 mm wide PVC sticky tape 

one 250 ml bottle of PVA wood glue 

one roll of 137 cm wide by 180 cm long, 
25 mm thick high density foam 
(from Clark Rubber) 


To buy all of this may cost in the vicinity of 
$45. 


The first thing to do is unpack your hard- 
ware kit, drivers and crossovers, Take care 
here, because it’s possible to damage the 
veneer on the hardware kit. Also take care 
with the drive units, particularly the mid- 
range and tweeter units, the domes of which 


‘are susceptible to damage. Sort out and iden- 


tify the various components. 





The drivers and crossover, with the spring 
connector terminals in front. 





Assembling the AEM6103 
-way Vifa Loudspeakers 


Having eagerly unpacked everything 


— where to start? 


You will need somewhere clear to work, a 
table or workbench, where you can spread 
things out. Cover it in newspaper or paint- 
ing drop cloth to protect both your work area 
and the cabinet components. 

Start with the two cardboard mid-range 
chamber tubes and their end caps. Insert the 
end caps edge-on, then turn them over and 
push them to within 40 mm of one end. Take 
your liquid nails and put a sealing bead of it 
around the inside of the tube about 30 mm 
in from the end (about 10 mm from the end 
cap). When this has been placed evenly 
around the tube, place a small piece of scrap 
masonite, slightly smaller than the inside di- 
ameter of the tube, on your workbench. Up- 
end the tube (glue end down) and press the 
end cap down until it seats abainst the 
masonite. This should provide a perfect end 
seal. Turn it over and inspect it. Use a spatu- 
la to spread the glue, if necessary. It is ex- 
tremely important that the seal be tight so that 
there are no leaks in the mid-range chamber. 
When finished, put the two mid-range cham- 
bers aside for the glue to dry. 






Apply liquid nails to the end of the mid- 
range chamber. 
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The cabinet components. 





Spray the bass reflex port tubes black 
inside. 





Chamfer the mid-range hole on the inside 
to make fitting the mid-range chamber 
easier. 
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Now take the two bass reflex port tubes. 
These are cut from plastic ‘plumbing’. Spray 
them black inside and put them aside to dry. 

Take the front baffle from the cabinet kit, 
turn upside down (that is, inside facing up) 
and chamfer the mid-range hole (the middle 
one of the drivers) where the mid-range cham- 
ber is to be fitted. This makes it easier to in- 
sert the mid-range chamber from the rear 
later on, and helps provide a proper seal 
when glue is applied. 

Now take the two long pieces of veneered 
chipboard. These make the cabinet sides, top 
and bottom. Place newspaper or a drop cloth 
on the floor and unfold the veneered chip- 
board, placing the veneer down. Take your 
rear panels and have them ready for gluing. 
Keep handy the roll of 50 mm wide PVC 
sticky tape. 

Run a bead of white PVA glue in the rear 
panel groove, the whole length of the 
veneered pieces. Position the rear panel with 
the long side down in the groove where 
you’ve just run the glue. Make sure the black 
side is facing outwards and that the hole for 


the spring connector terminal is toward the 
short end of the veneered panel pieces (this 


short end makes the cabinet bottom). Run a 
small bead of glue in each corner groove, save 
for the last one at the short end. Don’t put too 
much glue in here as it may cause the veneer 
to break when you fold the cabinet together. 

Now fold the cabinet around the rear panel. 
When bringing the last piece over (that’s the 
short end, which becomes the bottom), hold 
it up at 45 degrees and run glue in the last 
V groove. Run a smear of PVA glue along the 
edges that meet up forming the last corner. 
You may use strips of the 50 mm PVC tape 
to hold the last corner or, better still, a few 
25 x 1.25 mm bullethead panel pins. Having 
secured the last corner, turn the cabinet on 
its back and leave it to dry for a while. Check 
for excess PVA glue along all joints and re- 
move it with a damp sponge. 








Hammer panel pins in the last corner to 
hold the cabinet together until dry. 


The bracing between the side panels of the 
cabinet is tackled next. They are best ‘skew- 
nailed’ and glued. First drill pilot holes at an 
angle in the side and through the end, on each 
end. Smear glue on the ends, then nail the 
bracing in place, taking care that the nails do 
not penetrate the outside face of the cabinet. 
Position the bracing as shown in the draw- 
ings with the original article (copies are en- 
closed in the kit). Note that the upper bracing 
has to be positioned closer to the rear panel 
so that the mid-range chamber tube does not 
interfere with the bracing. 


Skew-nail and glue the bracing in position. 





Ensure that the mid-range chamber does 
not protrude too far through the front 
panel. 





Apply PVA glue around the outside of the 
mid-range chamber, right on the inside 
surface of the front panel, to effectively 
seal the joint. 





Push the bass reflex port, chamfered end 
first (!), into the front panel hole. 





Apply a seal of Liquid Nails to the bass 
reflex port tube, around the outside of the 
tube and flush with the inside surface of 
the front panel. 


At this stage, the cabinet assembly and mid- 
range chambers should be left to dry 
thoroughly overnight. 


Now you can glue the mid-range chambers 
into each front panel. First push the tube into 
place from the rear side, then turn the panel 
up to see that it is not pressed too far through 
and adjust it if necessary. Turn the front 
panel face down again and run a bead of PVA 
glue around the outside of the chamber where 
it meets the panel. This should form a tight 
seal. 


Take the bass reflex port tube and cham- 
fer the outside of one end at an angle of about 
45 degrees. This makes it easier to press it into. 
the hole in the front panel. Now press the port 
into the front panel (chamfered end first!) 
from the front. Take care not to damage the 
front surface of the front panel. Carefully 
hammer the port into place with a piece of 
scrap wood as a ‘buffer’. See that it finally sits 
flush with the surface of the front panel. 


If your port tubes are an easy push-fit, push 
them through a little further, then put a bead 
of Liquid Nails around the outside of the tube 
flush with the inside of the panel, then push 
the tube back until it’s flush at the front. This 
should effectively seal it. It’s a good idea to 
seal the port tube anyway. 


Take the front panel and one of the longer: 
braces and position the front panel in the 
cabinet. Now determine where to glue. Posi- 
tion the bracing so that it fits just between the 
bass driver and the mid-range chamber. Mark 
up on the bottom of the cabinet where the 
bracing is going and remove the front panel 
and bracing again. 


Turn the speaker around and mount the 
spring terminal connector on the rear panel. 
Then mount the crossover network on the 
bottom panel of the cabinet. Connect the two 
blue leads from the crossover to the terminals, 
making sure that the blue lead with the white 
stripe is connected to the positive (red) spring 
terminal. 


Lining the box comes next. You will need 
six pieces of 25 mm foam, 325 x 885 mm for 
back and sides of the boxes, four pieces 
325 x 280 mm for top and bottom, plus a few 
scraps for the mid-range chamber. don’t for- 
get to cut holes in the back pieces for the brac- 
ing and leads to the spring terminal 
connector. Place the foam on the inside faces 
of the cabinet. If necessary, glue it in with 
adhesive spray or some strips of Liquid Nails. 


It is now time to place the front panel in 
the cabinet. Before doing so, glue in the brac- 
ing from the rear to the front panel. Place 
PVA glue on the recess around the front edge 
of the cabinet and place the front panel in it. 
Make sure that the bass reflex port is facing 
the spring terminals. You should now check 
and see if the side panels have firm, tight seals 
from the middle of the speaker towards the 
front panel. If the sides can be pressed in fur- 
ther, place some 50 mm wide sticky tape 
across the front panel to press the side of the 
speaker cabinet closer towards each other 
and leave it until dry. This would normally 
take four to six hours. 


The speaker is now ready to be fitted with 
the drivers. First, carefully place each driver 
in position and mark the position of the screw 
holes. Then take them out and drill pilot holes 
to the root diameter of the screws supplied. 





Mount the crossover network on the bottom 
of the cabinet. Simply glue it in place with 
PVA glue. Hold it down with panel pins or 
short screws if you like. 





Cut the high density foam to size before 
lining the cabinet with it. Don’t forget the 
strategic holes in the rear pieces to allow 
for bracing and wires to the rear spring 
terminal connector. 





The foam is fitted in the cabinet, held in 
place with glue. 
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The completed cabinet, ready for the 
drivers to be fitted. 





Before fitting the drivers, use them to mark 
the screw hole positions then drill pilot 
holes the root diameter of the screws to be 
used. 


SN Se 


The drive units are sealed and set flush 
with the front panel by making gaskets 
from 12 mm wide Body Moulding Tape. 
Take care when mounting the tweeter and 
mid-range. 


The woofer is fitted last of all. 


Connect the drivers with the leads from the 
crossovers. The black leads go to the bass 
driver. Make sure you connect the lead with 
the red stripe to positive or red terminal on 
the bass driver. 


When you connect the mid-range take the 
brown leads and place them through the hole 
in the mid-range chamber. After doing so, 
seal the hole carefully with silastic or Liquid 
Nails. Line the mid-range chamber inside 
with the foam scraps and connect the leads 


to the drives. Observe that the brown lead 


with the white stripe is connected to the posi- 
tive terminal. You’ll find + and — is marked 
on the white connecting strip on the mid- 
range driver. 


When connecting the black and red lead to 
the tweeter, put the red lead to the positive 
terminal marked on the white strip on the 
tweeter. 


If any of the holes for the drivers are rebat- 
ed too deep, simply place a rubber strip or 
similar material such as a gasket underneath 
each driver before screwing them into the 
cabinet so that the front of the driver is flush 
with the front. 


For gaskets, we used 12 mm wide Body 
Moulding Tape which is readily available 
from hardware stores. 


The speaker is now almost complete with 
the exception of placing the grille cloth onto 
the frame. do this by placing the grille cloth 
on newspapers. Place the grille frame on top 
of the grille cloth, then take a can of adhe- 
sive spray glue and spray the frame and that 
part of the grille cloth that sticks out of the 
frame. After drying for 30 seconds you can 
now stretch the grille cloth over the frame. 
Start with one corner and go to the opposite 
corner for best stretch and do likewise to the 
other two corners. Thereafter, work right 
through on the sides and the ends of the 
panels. When the grille cloth is stretched right 
over, cut the excess grille cloth on the inside 
of the frame with a sharp knife. 


Now take the grille fasteners and hammer 
the male fasteners into the grille frame. this 
is easily done by placing a female grille clip 
over the male and hammering the male clips 
into the frame. When this is done, remove the 
female clip and go to the next hole in the grille 
frame. When all the male grille clips are 
mounted you can hammer the female clips 
into the holes on the front panel of the 
cabinet. 


Finish off by placing the Vifa badges onto 


the top corners of the grille frames. Your 


AEM6013 speakers are now ready to be used. 


Before connecting the speaker to the am- 
plifier it would be wise to test the polarity of 
the speaker. Take a 1.5 volt battery and 
momentarily connect the positive end of the 
battery to the red terminal on the rear speak- 
er and the negative to the black terminal. You 
will hear a loud thump in the speaker. Check 
that the diaphragm on the woofer moves out. 
If it does the speaker is phased correctly. 


When both speakers are checked you can 
now connect it to your amplifier and you will 
be able to enjoy a most outstanding sound 
quality from your new Vifa AEM6103 loud- 
speakers. We wish you many hours of enjoy- 
able listening. » 
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Place the frame on top of the grille cloth 
and spray part of the frame and the part of 
the grille cloth that sticks out past the 
frame with spray adhesive. 






Stretch the grille cloth over the frame after 
the spray adhesive has dried for 30 
seconds. 





Hammer the male fasteners into the grille 
frame, then hammer the female fasteners 
into the front panel of the cabinet. 
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The finished product, a pair of Vifa 
AEM6103s. Your pride and joy! 






AEM KIT CONSTRUCTION 
SERVICE 
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it or simply don’t have the time? 


Letus build tt 
for you! 


Under the supervision of the designer, David Tilbrook, your kit can be built, tested and a comprehensive 
set of measured specifications supplied. What you will get is a custom-built, top-line audio system, 
professionally handmade and ready to use. 








Simply purchase a kit from your favourite retailer and deliver it to us unopened, to ensure we receive the 
kit intact. (Check with your retailer that the packaging is suitable for freighting.) 


We offer this service for the following project kits at the prices indicated: 


AEM6010 ‘Ultra-fidelity’ preamp... .......... 0... cece eee eee eee eee $255 
AEM6000 ‘Ultra-fidelity’ power amp (when available).................... $275 
AEM6102 Digital era 2-way loudspeakers................ 000 eeeeeeees $240 
AEM6103 Digital era 3-way loudspeakers. .............. 2.0 cee eeeeeeees $275 


Add $20.00 to cover packing and delivery by road express to anywhere in Australia. 


Send to: AEM KIT CONSTRUCTION SERVICES 
PO Box 289, WAHROONGA 2076 NSW 


Phone us first before sending, on 487 1483. 
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IBM to bring on 


their ‘clone-crusher’ 


nternational Business Machines Corporation (IBM) is 
widely expected to take the offensive against low-cost im- 
itations of its own personal computer by introducing a “clone 
crusher” which will be cheaper and harder to copy than 


existing models. 


“If they want to have it out by 
the Christmas season, and I’m 
sure they do, then they have to 
bring it out very soon and cer- 
tainly no later than October,”’ 
said Norman DeWitt, president 
of the market research firm 
Dataquest Inc. 

IBM will not comment on un- 
announced products. However, 
that has not stopped many of the 
consultants and analysts who 
make their living by scrutinising 
every move of the world’s lar- 
gest computer company from 
making some detailed predic- 
tions about any new computer 
that may emerge. 

They have even given it the 
traditional preannouncement 
codename — PC/ET, for extend- 
ed technology. 

Clones, or IBM-compatibles, 
are personal computers which 
are built around the same stan- 
dards as IBM’s machine and 
use the same software. In the 
five years since IBM announced 
its first personal computer, 
clones have managed to capture 
some 60 per cent of the IBM- 
compatible market (IBM has the 
other 40 per cent) by offering 


sharp discounts for IBM’s list 


price. 

IBM’s reaction to the clone in- 
vasion has been to cut its own 
prices — the most recent 


roound, in mid-August, was a 16. 


to 22 per cent reduction on its 
low end models, so that a com- 
puter with 256K of memory 
now costs US$1595. 


But clone prices are still. 


lower. The popular Leading 
Edge Model D, made by south 
Korea’s Daewoo, _ costs 
US$1400, including 512K of 
ram, a modem and some soft- 
ware programs. 

And the lowest price yet has 
been announced by the Hyun- 
dai Group, also Korean, which 
will start mass marketing a 
512K clone, the Blue Chip, for 
only US$699 this month. 

Because IBM is not one to 
take a threat to its market share 
lying down, and because the 


company has already taken 
some large price cuts, industry 
observers said its most likely 
next move will be to announce 
a new computer, and possibly 
some new standards. 


Most analysts said they expect 
the ET to be based on the Intel 
8086 microprocessor and be tar- 
getted at the home and educa- 
tional market. Price estimates 
range from a low of US$600 to 
a high of US$1400 dollars. 


Andrew Seybold, publisher of 
the Seybold Report on Profes- 
sionnal Computing, said IBM 
will use the ET to break the 1000 
dollar barrier, a price level is 
has not been at since it discon- 
tinued the PCjr home model. 

“T think that within IBM 995 
dollars has been identified as 
the target price,’’ Seybold said. 


Not all analysts envision a 
‘‘clone-crusher’” from IBM, 
however. Some think instead 
that IBM will come out with a 
new version of its high-end PC- 
AT, based on the Intel 80286 
chip, priced below 3,000 dollars. 
This would be the long awaited 
PC-2 computer, which IBM aaid 
last summer did not exist. 


Some analysts still expect fur- 
ther price cuts from IBM as 
well, probably around the 
christmas season. But further 
price cuts could also bring IBM 
into an area it says it wants to 
avoid — commodity pricing, 
like flour or sugar, where brand 
name carries little weight. 


“T do not think IBM wants to 
get out of the PC market,” said 
Dataquest’s DeWitt but added “I 
think they will do everything 
they can to keep it from becom- 
ing a commodity, by differen- 
tiating their product.” 


Most consultants agreed that 
IBM can afford to keep its 
prices 300 dollars to 400 dollars 
above the clones, because there 
are still a lot of users who would 
be willing to pay extra for the 
well-respected IBM label on the 
box. 


New SBC 
features HD64180 





SOUNDING OUT DEFECTS 


This scanning acoustic microscope system inspects compressor 
blades in gas-turbine engines for flaws, ceramics for defects and 
even lesions in the skin to detect cancerous growths. 

Designed and developed primarily for the inspection of engineer- 
ing ceramics in which the presence of flaws a fraction of a millimetre 
across can be catastrophic, the microscope has been further de- 
veloped to carry out many other tasks. These include the bonding 
between silicon chips and their heat-sinks — obviating relatively 
expensive and time consuming ‘burn-in’ processes — and surface 
profile measurements where the device has been used by the 
Rutherford and Appleton Laboratories for checking the uranium 
targets used in high-energy physics experiments. 

Based on an 8-bit microcomputer and display with disk storage, 
colour monitor and printer, the microscope has magnification to 
x 100 with resolution in colour as fine as 7.5 microns and it will 
accept specimens up to 300 millimetres square. 

The Fulmer Research Institute, designed and developed the 
microscope. It is an independent contract research, design and 
development organisation mainly concerned with the science and 
technology of engineering materials, processes for their manufac- 
ture and products and components making the optimum use of 
material properties. The Institute is based in Slough, UK. 


from Hitachi, the MicroMast 
will run all current CP/M an 
Z80 software but with great 
speed and efficiency. 


Me of Melbourne has 
released a new high per- 
formance single board com- 
puter with features that make it 
suitable for many applications, 
ranging from stand-alone data 
processing to data acquisition 
and process control. 

Based on the HD64180 the 
new high integration processor 
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The MicroMaster is an ST 
bus compatible card with up 
512K of RAM on-board, tw 
RS232 serial ports, a centronit 
printer port, a floppy disk co 
troller, and a full STD bus i1 
plementation. The floppy di 
interface is totally adjustmer 
free for maximum reliabilit 


Significantly speed up your PC without 
spending thousands of dollars to upgrade. 

You can do it brilliantly with Hypertec's 
Australian designed and manufactured 
accelerator boards - Hyperace-286 and 
Hyperace-286 Plus. 


Specifically designed for the IBM PC/XT 
(and compatibles). 


Both boards run on an Intel 80286 processor chip. 
The Hyperace-286 runs at 6MHZ— equivalent to IBM 
PC/AT performance and up to three times faster than 
a standard PC. 

The Hyperace-286 Plus runs at 1OMHZ, 
producing an amazing five times increase In your 
PC’s performance. You can even switch back to your 
PC’s original speed through a pop-up menu . 
(software controlled). 

Add to this both boards’ support for the 80287 maths 
co-processor chip, and you have two short boards long 
on user benefits. 


Our reputation is your guarantee of quality. 


These boards are:— 
Wl Designed to increase the power, flexibility and range 
of uses of IBM PCs and true compatibles. 
§ Australian designed, manufactured and locally 
supported — all by us. 











Guaranteed the highest quality with full 12 months 
warranty. 
mi Available at highly competitive prices. 








Both boards come with full manual plus simple 
step-by-step procedures in plain English to make 
installation a breeze. 

Dealer enquiries welcome. 


Suacssueecesce 
Advanced Technology 





of my closest dealer. 


C1 HYPERACE-286 C1] HYPERACE-286 PLUS 


NAME: 








COMPANY: 





ADDRESS: 





| 
| 
| 
| position: 
| 
| 
| 








| 
| 
| 
| 
| 
| 
| 
| 
i 
gs 
| 
| 
| 
et Se a 


2469/FP/Li 


a 


le 


BYTEWIDE 8 


Computer formulated cleaning fluid con- 
cleanup aes isopropyl alcohol and 


llsop’s recently released 

computer cleaning kit 
comes with a bonus — it’s 
packed in a disk case (or ‘or- 
ganiser,’ as they say) that you 
can use long after the cleaning 
kit goodies are used up. 

The new cleaning kit includes 
everything you need for main- 
tenance of disk drives, moni- 
tors, keyboards and printers. 

You get a non-abrasive clean- 
ing diskette featuring a porous 
lint-free ‘disk’ inside that is used 
in conjunction with a specially 





Five swabs, three lint-free 
wipes and a small brush are 
provided for general care. A 
pump-spray bottle of cleaning 
fluid for monitors and key- 
boards is also included. 

Dubbed the ‘‘Small Wonder” 
Computer Cleaning Kit, it is 
available for both 5.25” and 3.5” 
systems. Further details from 
Allsop Computer Products Di- 
vision of Communications 
Power Inc. (Aust.) Pty Ltd, PO 
Box 246, Double Bay 2082 
NSW. (02) 357 2022. 





> providing support for all stan- 
dard floppy disk sizes and for- 
mats. Any memory not used for 
the operating system is im- 
plemented as a RAM disk. 

Other features include two 
DMA channels, a memory 
management unit, 12 source in- 
terrupt controller, and two 
16-bit counter/timers. Whille 
software compatible with the 
Z80, the HD64180 executes 
most instructions in less time 
and provides several addition- 
al instructions, such as hard- 
ware multiply. 

For single user processing ap- 
plications, an enhanced CP/M- 
like operating system is availa- 
ble. Called Z-System, it will run 
all CP/M application programs, 
but provides many additional 
facilities and utilities with fea- 
tures similar to MSDOS and 
UNIX. TurboDOS will be avail- 
able for multi-user situations. 





Locally designed and 
manufactured, it is fully sup- 
ported with development soft- 
ware such as assemblers and 
debuggers and operating sys- 
tems. A full 12 months warranty 
is offered. Several supporting 
cards are already in de- 
velopment. 

For more information, con- 
tact Microtrix Pty Ltd, 24 
Bridge Street, Eltham, Vic. 
3095. (03) 439 5155. 









All out, bus _ 
terminates! 


hilips has added a bus ter- 
mination network to their 
wide range of custom hybrid 
circuits. The OM1576 Future 
Bus Terminator is a thick film 
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hybrid with eight identical ter- 
mination points. It is suitable 
for use as a termination network 
for the IEEE P896 Futurbus. 

Features include: 39 Ohms + 
2%, low inductance terminating 
resistance from each bus line to 
Vterm; Schottky clamp diodes 
from each bus line to Vclamp 
with Vf of 320 m V at 1 mA; low 
stray capacitance; distributed 
decoupling capacitors, 5 nF to 
ground from both Vterm and 
Vclamp for each bus line; oper- 
ating frequency dc — 100 MHz. 

The bus termination hybrid is 
39.2 mm long by 13.2 mm high 
by 3.5 mm thick and has a 15 
single-in-line pins at 0.1” spac- 
ing. It is encapsulated in a plas- 
tic conformal coating. 


For further information, con- 
tact David Segal, Philips 
Elcoma, 11 Waltham Street, 
Artarmon 2064 NSW. (02) 
439 3322. 
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M C R O M AST E R — The Most Powerful 8-bit Computer Available 


HD64180 high performance 6MHz CPU 

two RS232 serial ports 

clocked serial lO port 

centronics printer port 

floppy disk controller for all standard drives 
support for dual speed 5.25 inch drives 

ultra reliable, adjustment free data separator 


Low-cost disk 
transfer service 


hat do you do when you 

need to transfer data or 
software from one brand of 
computer to another? 


The problem has been solved, 
according to Tuldin Marketing 
Services at North Sydney, who 
provide a fast, economical disk- 
to-disk transfer service. Approx- 
imately 300 formats (all 5% inch 
minifloppy at the moment) are 
available, in a huge range of 40 
and 80 track formats. This in- 
cludes some very popular 
“older’’ formats such as Apple 
II and Osborne. 


For furtheer information, con- 
tact Tuldin Marketing Serv- 
ices, 107-109 Union Street, 
North Sydney NSW. (02) 
959 3650. 
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@ up to 512k of RAM @ STD bus interface 

@ parity checking @ Z-System operating system 

@ fast RAM disk capability @ MSDOS and UNIX-like utilities 
@ twoDMAchannels @ CP/M and Z80 compatible 

@ memory management unit @ software support | 

@ 12 source interrupt controller @ Designed in Australia 

@ two 16-bit counter/timers @ 12 months warranty 







Available from: 


24 Bridge Street Eltham, 3095 Victoria Ph: (03) 439 5155 
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Allsop Introduces the Computer Cleaning Kit 


That Turns Into a Free Disk Organizer. 
When it comes to versatile computer 

4} accessories, Allsop has a better idea. Like 

“) packaging a computer cleaning kit with 

a free disk organizer. 

You get all the benefits of 
our new computer main- 
& ‘tenance kit. Plus you 
get our disk organizer 
absolutely free. 
Allsop engineer- 
ing makes the 
difference. 

We engi- 
«~ neered our 
cleaning kit to 
provide you 
with everything 
, you need to 
increase the perfor- 
mance and extend the life 


















a 





filing system, designed to protect and organise 
your valuable floppy disks. 

That's Allsop engineering. 

Available in both 5%” and 3Y2". 

Buy one and you will wonder how you ever 
got along without it. 

For more information on our complete family of 
computer accessories, call us today on (02) 357 2022. 
Or write: Allsop Computer Products Division of 
Communications Power Inc. (Aust.) Pty Ltd, 

PO Box 246, Double Bay NSW 2082. Telex: 23381 
‘““COMPOW”’. Trade inquiries welcome. 

Find out how this little wonder can work wonders 

for you. 


of your disk drives, monitors, keyboards and printers. 
Then we packaged it in our compact storage and 
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PROTEL, a home-grown 
CAD package 








Protel is a recent addition to the family of IBM-PC programs written 
to use a computer to aid in the production of various drawings ... 
in other words, computer aided design. Protel’s product is artwork 
for printed circuit boards, and it certainly is an improvement on the 


old way of doing things. 


WHEN I FIRST STARTED designing maga- 
zine projects back in 1979, I used to produce 
the circuit board designs by first working out 
the design on translucent graph paper, and 
then transferring the tracks to the copper 
board using a special etch-resistant pen. It 
usually took several starts from scratch with 
the graph paper to get it right. That method 
was a real drag. 

Later I discovered Bishop Graphics. In this 
method you still use graph paper to design 
your layout, but you don’t draw the result 
directly onto the copper board. Instead, you 
use special black tapes and transfers to 
produce a version of your artwork in double 
size on a white translucent base. This is then 
photographically reduced back to normal 
size, and then transferred to the printed cir- 
cuit board using photo etching. The Bishop 
Graphics method produced excellent results, 
but it’s terribly hard work. And staring at that 
high-contrast artwork all day produced some 

terrible eyestrain and headaches. 


Getting the smarts 


The computer first came into the picture with 
the arrival of a program called Smartwork. 
This program takes all the drudge out of do- 
ing the graph paper designs and then stick- 
ing down all the transfers and bits of tape. 
Instead, you work out your design on the 
screen using a graphics editor, and then make 
a plot of it using a precision plotter. The plot 
consists of thick black ink drawn on translu- 
cent film. Once plotted, the artwork is 





processed into a circuit board exactly as it 
would be with Bishop Graphics. 


I have been using a fairly early version of. 
Smartwork. It allows you to produce double- 
sided boards with both layers shown at once 
on the screen, if desired. If you have a colour 
monitor, one layer can be in red, the other 
in green, and the holes and pads (which oc- 
cupy both sides) in yellow. You can insert or 
delete pads and tracks from either side, chop- 
ping and changing your mind as often as you 
wish. Using Bishop Graphics, this would 
mean ripping up bits of tape and relaying 
other bits elsewhere. I have done many hours 
work with Smartwork and it has served me 
well. 


Enter PROTEL 


Now enter PROTEL. It picks up the basic idea 
of Smartwork and expands on it in some very 
useful ways. I will not attempt to explain ev- 
ery feature; Protel’s instruction manual is 
tightly written, but it still runs to 160 pages, 
so we'll have to be content with its more un- 
usual facets. 





Protel is a Tasmanian product (yippee!). It 
was written in Turbo Pascal by Nick Martin, 
a name you might remember from the My- 
tek software days. Nick was responsible for 
some of those flashy Microbee graphics 
games. Now he’s living in Tasmania, doing 
his thing with IBMs. PROTEL shows the at- 
tention to good graphics that would have 
come from games writing experience. 
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Tom Moffat 


PROTEL can design boards with up to six 
(!) copper layers, plus a component overlay 
on the top. Most users however, would be 
content with a normal double-sided board. 
But it’s nice to have that component overlay, 
especially when first laying out the design, 
even if the overlay is never eventually silk- 
screened onto the top of the printed circuit 
board. The components for the overlay can 
be brought out from a library of component 
shapes supplied as part of the software, and 
you can add some of your own to the library. 
We'll see the advantages of this shortly. Pro- 
tel can work on a board with a maximum size 
of 32 x 19 inches; you could almost use it to 
do a motherboard for a pinball machine! (Dur- 
ing this discussion we will stick with inches, 
since pc boards are still laid out in grids of 
inches, not millimetres.) 

You can select one of nine different grid 
sizes, ranging from 1 to 200 mils (thousanths 
of an inch). IC pins are spaced 100 mils apart, 
so most people would use the 50 mil grid 
since it allows you to put one track between 
each pin, although it’s possible to do more. 
You can select pad sizes from 50 to 250 mils, 
either round or square, and there are special 
pads for DIP packages and connectors. You 
can also select four different track sizes, from 
15 to 100 mils. 


PROTEL at work 


Perhaps the best way to see PROTEL at work 
is to actually design a pc board with it, and 
that is exactly what I have done for this arti- 
cle. The PCB shown in the illustrations is a 
power supply board for Flexible Systems’ 
NAVIMATE facsimile receiver. It uses one 
IC regulator, one transistor regulator, and a 
few other discrete components. 

PROTEL can show all of the board, or zoom 
up to show you part of it in fine detail. There 
are five levels of zoom, as shown in the illus- 
trations. The illustrations are screen dumps 
of the IBM screen, much as you would see 
them, although they are squashed a bit in the 
horizontal direction due to the characteris- 
tics of the printer used to reproduce the 
screen dumps. At the bottom of the screen is 
a status line. This tells us that the working 
cursor is at grid co-ordinates 1000 x 1000 
(mils), we are working on the solder side of 
the board, any tracks drawn will be 15 mils, 
the grid size is 50 mils, and any pads placed 
will be round ones of 70 mils diameter. 

Above the status line is the board layout be- 
ing worked on. At the first zoom level we are 
looking at the whole 19 x 32 inch work area, 
and our small board is just a little bitty im- 


ae 


Tom Moffat, apart from being a prolific 
author and project producer for AEM, 
works as a design engineer for Tasmanian 
innovator and manufacturer, Flexible 
Systems, famous for Tasman Turtle Robots. 
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age in the corner. Level 2 is 16 x 9.5 inches, 
yur board looks bigger now. Level 3 is 
3.4 x 3.8 inches, the last level at which we 
can see the whole layout at once. Level 4 is 
3.2 x 1.9 inches, and since our layout is two 
nches high, the top of it is out of view. The 
‘ifth level is a real blow-up ... 1.6 x 0.95 
nches. You can see one transistor and little 
sIse, but the level would be great for really 
‘ine work. 

All the screen displays are available in 
colour. You can select various combinations 
of red, green, yellow, cyan, magenta, and 
white for the PCB layers and the overlay. (See 
the display options menu, Figure 2.) You can 
also select one of sixteen background colours, 
‘anging through black, grey, olive, red wine, 
right purple, and grapefruit. (Well, that’s 
10W they looked to me!) I thought the nicest 
combination for a single-sided board was red 
racks, yellow pads, and green overlay, all su- 
serimposed on a dark grey background. This 
ooks super! 

But for a long designing session, | still 
prefer a soft amber monochrome display; | 
find it much easier on the eyes than all that 


bright colour. The effect with PROTEL is 
much like the screen dumps, with the over- 
lay and pads at maximum intensity and the 
tracks grey, against a natural background. Or 
you can have them the other way round, if 
you like. 

To. produce the Navimate power supply lay- 
out, I began by bringing in the required com- 


ponent shapes from the component library: 


axial packages with 0.5 inch spacing for resis- 
tors, radial shapes with 0.2 spacing for capa- 
citors, etc. One shape not in the library was 
a 1.5 inch axial package for the big electro- 
lytic capacitor in the middle of the board. So 
I used the graphics editor to make one, and 
then stored it in the library along with the 
others! As you bring each component out of 
the library, you are asked to assign it a label 
(R1, C2, etc.) and you can also assign a com- 
ment (220k, 47pf, or whatever). Later on, if 
you get confused, you can place the editing 
cursor on a component and then hit ‘‘ALT- 
F6”’. PROTEL will tell you you’re looking at 
R1 and it’s a 220k resistor or whatever. 
Clever! If the program itself gets you bamboo- 
zled from time to time, you can press the ‘‘?”’ 
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_ Figure 1. Screen dumps, showing the five ‘‘zoom’’ levels. 


key for a full set of on-screen instructions. Of 
course, you should have read the manual be- 
fore you started, shouldn’t you .. .? 

With all the components on the screen in 
more or less the correct locations, I used some 
more commands to move them exactly to 
their final locations. this is similar to placing 
the actual components on graph paper and 
then shoving them around until they fit. With 
PROTEL you can move a component at a 
time, rotate its position, or you-can shift 
whole blocks of the picture at once (these use 
the Wordstar block move commands; how 
convenient!). Once all the parts are in place 
on the overlay you can then go to the “‘solder 
side” and connect them together with tracks. 

Here’s an interesting feature: if you’ve al- 
ready started wiring-up the components and 
then decide to move one, you can still do it. 
And you can tell PROTEL to ‘‘drag” the 
tracks, so that they still remain connected. It’s 
as if they’re made of rubber! Once the com- 
ponent is in position you can use other com- 
mands to further drag and stretch the tracks 
to fix up any that have crossed or shorted. The 
whole effect is quite wierd; see Figure 3. Like 
I said, it’s as if you were using the old tape 
method, but the tape was made of rubber. All 
this activity, by the way, is normally carried 
on with the IBM’s function keys, but you can 
also use a Microsoft Mouse if you’re into 


mice. It seems you could almost use it to pull » 
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PROTEL PCE DISPLAY OPTIONS MENU PROTEL PCB PAD SELECTION MENU 
Component Side : OFF Solder Side ae | A Round dia = 9.95 in L : Square Width = 9.25 in 
Mid Layer 1 : GFF Mid Layer 3 : OFF B Round dia = @.@7 in M : DIP Pad @.@5 inch 
Mid Layer 2 OFF Mid Layer 4 : OFF Cc Round dia = @. in N : DIP Pad 8.98 inch 
Overlay ; 3 _D: Round dia = @. in QO: DIP Pin 1 @.@5 inch 
E Round dia = 9.28 in P : DIP Pin 1 8.98 inch 
Fads : F :; Round dia = 9.25 in Q@ : Edge @.95 in x @.25 in 
G Square Width = 9.95 in R : Edge 8.95 in x 8.58 in 
Thick Tracks : GN Thin Tracks * ON H : Square Width = @.@7 in S : Edge 9.88 in x @.5@ in 
I: Square Width = 9.19 in T : Edge @.12 in x 1.98 in 
J : Square Width = @.15 in U : Solid Square 8.95 in 
Text ON K : Square Width = 9.28 in 
Text Size Gedz 
Background Colour : @ 
Palette Number 3 Vertical/Horizontal Pad / Edge Connector Orientation : Vertical 
BACKGROUND COLGUR 1 COLOUR 2 COLOUR 3 Fress Key To Select Function Assigned To Fi PgDn To Exit Menu 
PgDn to Exit Menu > 


Figure 2. The ‘Display Options’ and ‘Pad Selection’ menus. 


a track away and then let it snap back, send- 
ing components flying in every direction! 

With the layout finished, you can use PRO- 
TEL to put some text into one of the layers, 
or onto the overlay. I used it to put + and — 
onto the polarized capacitors so that some idi- 
ot (me) didn’t put them in the wrong way 
around. Other text was used to put a title on 
the board. Since this was to be a single-sided 
board with no component overlay, the text 
went onto the copper side. It could just as eas- 
ily have gone onto the overlay, in which case 
I would have used another command to “‘flip”’ 
the text to a mirror image so it read the right 
way around from the top. 

That pretty well finished the PCB design, 
and it ws stored away on three different disks 
(just in case!), ready for plotting. Just going 
back to Smartwork for a moment, this pro- 
gram lets you plot your work on a proper plot- 
ter, or onto a graphics printer. The printer 
product is a bit rough, but for many prototyp- 
ing operations it’s good enough. It also gives 
you a hard copy of each layer of your design, 
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sO you Can give it to someone else and have 
them check it against the circuit diagram. 


Plotting 


PROTEL has no graphics printer option, 
which is sad. I hope the next version includes 
this; after all, most small organizations have 
printers with their IBMs, but how many have 
access to a proper plotter? You can of course 
hire a plotter, for about the same price as you 
could hire a plumber! If you have to re-make 
a prototype a few times, it’s going to cost you. 
PROTEL can do check plots, but this time it 
wants a colour graphics plotter. Come on 
PROTEL, let us use our existing printers, at 
least to confirm that the board design is 
correct! 

I raised this matter with a spokesman for 
PROTEL’s distributors, HST Industries. He 
said the graphics printer option was specifi- 
cally excluded because they wanted PROTEL 
to be seen as a quality product, and they 
didn’t want to give it the capability of produc- 
ing scungy plots. I responded that I thought 


This 
~ transistor 


its tracks! 
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4708 2360 Solder 
Figure 3. Here, a component has been moved but it’s still attached to where it 
came from! This also shows off PROTEL’s text capabilities. 


scungy plots were better than no plots at all 
for people who don’t own plotters. He 
wouldn’t budge, and I wouldn’t budge, so I 
think we’re at a stalemate on the subject of 
graphics printers. 

As well as plotting the artwork, PROTEL’s 
PLOT program can go back to those com- 
ments and labels you assigned when you first 
started laying down components onto the 
overlay. It shuffles them around into alpha- 
betical order, and then prints out a Bill of 
Materials for your circuit board (onto a 
printer, not a plotter!) This could save a lot 
of work and double checking on a really big 
PCB layout. 


Conclusions 


Should you buy Protel? That’s a good ques- 
tion. If you’re a hobbyist, you’d find it a bit 
expensive at $900 for just casual use. If you’re 
at the other end of the spectrum, say in a 
university or government department, the 
price isn’t such a barrier. You’d be silly to 
continue using the old methods of PCB de- 
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sign, and PROTEL must be a strong con- | 
tender among the microcomputer-based NAVIMATE power supply CC) 1986 
systems, especially if you have access to a a 

plotter! It’s extremely well packaged and : 

presented; a thoroughly professional product. 
I don’t think you could go wrong. 

If however, you are a struggling design en- 
gineer in a small business, you may still be 
using graph paper and bits of tape. You are 
going to have to do some finagling to shake 
some money loose. Point out that time is 
money, and a computer system would speed 
things up. Occasionally go home sick with a 
raging headache. Point out that a computer 
screen is much easier on the eyes. Also point 
out that IBM ‘‘clone’’ computers are now 
down around the $1000 mark. You get the 
idea; lean on them a bit. Whether you wind 
up with PROTEL, Smartwork, or some other 
system, your circuit board designing sessions BILL OF MATERIALS FOR : B:NAVISUPP.PCB 
will certainly be more productive. If you like 
the looks of PROTEL, you might also point gacukoe nouns 
out that it appears to be the cheapest of the 
lot at the moment. | 

Protel is priced at $900, delivered any- 
where in Australia, from: HST Industries 
P/L, GPO Box 536F, Hobart, Tasmania 7001. 
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RADS.2 4.7 uF Tantalum 
RADZ.2 @.1 Mono 
RADS.2 @.1 Mono 
AXIAL1.5 2548 uF Electro 
TO-22¢8 7885 
TO-229 TIP-31 
AXIALZ.5 198 Ohm 
AXIALZ.7 4.7 Ohm 1 Watt 
AXIALZ.5 7.5 V Zener 


Figure 4. The completed pc board layout, shown with the bill of materials. 
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BLOCK COMMANDS 


Mark Block H i 5a Move Block 
Remove Block Marker : KAY Delete Block 
Begin/Continue Track : End Track Laying , Read in Block OTHER 

(Left Mouse Button) = (Right Mouse Button) i BEIAND 


Place Pad : ; Delete Pad,Arc,Copper 


Place Arc On Overlay : Toggle Ortho Mode 

Break Track Section : 7 Fad Selection Menu 
Erase Text : a Quit Editor 

Fill Area H . Select Track Size 

Select Grid Size 7 Alter Track Width 

Toggle Cursor Information : “x Place Text 

Select Layer : ° Zap Whole Track 


Contract Display : Expand Display 
Stretch Track(s) : Delete Track Section 


Redraw Screen H Re-Centre Screen 


ALT C Copy Track Stack ; ALT E Empty Track Stack 


PgDn Return To Editor 
Press Return To Continue Any Other Key To End 


Press Return To Continue Any Other Key To End 


Load Component From Library 
Delete Component From Board 


Move/Rotate a Component 
Move/Rotate Text 


Find A Component By Specifying Its Name The Arrow Keys Move The Cursor In Units Of The Current Grid Size. 


Identify The Component Over The Current Cursor Position , 
Shift Arrow Keys Move Cursor In Units Of 18 x The Current Grid Size. 


Re-Comment The Component Over The Current Cursor Position Use Mouse If connected. 


Re-Label The Component Over The Current Cursor Position 
Use FS and Fé To Expand And Contract The Display Window As Required. 


List Library Components When Expanding or Contracting The Window Position Will Be Adjusted 
List Components on Board So That The Cursor Is In The Centre of The Screen if Possible. 


Press Return To Continue Any Other Key To End 


Press Return To Continue Any Other Key To End 
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Hardware and software 
aspecis of screen handling 
on the VZ-200/300 








Concluding with coverage of the 
software interface in the VZ and the 
MC6847 VDG, looking at the standard 
screen modes. 


IT IS NOW OPPORTUNE to briefly discuss the software 
interface in the VZ and the VDG. I will only discuss the stan- 
dard screen modes used on the VZ — not the additional 
modes mentioned in Part 1. 


Lo-res/Text/Mode (0). 

In the lo-res mode the screen is formatted into 16 lines down 
the usable window with each line containing 32 characters. 
Thereby providing 512 addressable characters on the screen. 
A quick calculation (or look at Table 1) will show that each 
character is composed of 8 by 12 pixels (or dots). Further- 
more, each character is ‘described’ in a single byte in the 
video RAM section of memory. The upper left-hand charac- 
ter on the screen is memory mapped onto address 7000H 
(28672D), and the lower right-hand character is mapped onto 
7000H + 1FFH (29183D). A memory map for the lo-res screen 
is given in Figure 5. 

A formula is often used to calculate the address of a par- 
ticular character on the screen. Let AA be the position of the 
character ACROSS the line (which ranges from 0 to 31) and 
let AD be the line number DOWN the screen (ranges from 
0 to 15). i.e: working in the SE quadrant of an X-Y axis sys- 
tem. The relationship between (AA,AD) and the address in 
RAM is — | 


MAPPED ADDRESS = START ADDRESS + (32 * AD + AA) or 


Addr = 28672 + (32 * AD + AA) 
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Part 2 
Bob Kitch 


This calculation is often used in games to POKE values into 
selected memory locations or when screen formatting via the 
use of the PRINT@ statement where it is performed ‘trans- 
parently’. 

When the VZ is ‘soft switched’ to MODE (0) three of the 
modes in the VDG become available. There are internal ROM 
Alphanumerics (Normal and Inverse) and Semigraphics 4. 
There is no user-definable external character generator avail- 
able in a standard VZ and also the Semigraphic 6 mode is 
not implemented due to hardware limitations. (Although I 
understand that the LASER 200 had SG6 rather than SG4 im- 
plemented as standard — but see previous section). 

Let’s digress for a while to describe how the on-chip cus- 
tomised character generator located in ROM on the VDG 
actually formats the 8 by 12 pixels to form each character. 
Firstly, in text mode. Table 2 shows the actual character set 
with corresponding codes resident in the VDG ROM. Figure 
6 shows a typical character in Alphanumeric Mode (Inter- 
nal). The spacing between characters across the line and be- 
tween lines is set by the format held in the character 
generator. A Non-ASCII type character code is used on the 
VZ such that lower case (and control) ASCII characters are 
not represented. The ‘lower case’ ASCII values are used to 
signal ‘inverse’ characters by setting bit 6 high. 

An Alphanumeric character in ‘normal’ mode is colour 
selectable as either green or orange with a black background. 
In ‘inverse’ mode, the character is black with the background 


TABLE 2. 


Alphanumeric and 
Semigraphic 4 character set 
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being selectable from green or orange. Remember that the 
Inverse mode of the MC6847 is set by bit 6 of the data value 
contained in video RAM. (see also Figures 1 and 6). 

An understanding of this involves looking at individual bits 
within the bytes and also looking at how these bits can con- 
trol and reset certain control lines on the VDG (as outlined 
in Part 1). | 

In text mode there are 64 characters in each of the Nor- 
mal (0-63) and Inverse (64-127) sets. This implies that a 6-bit 
code is used to encode the character shape and that bit 6 de- 
termines whether Normal or Inverse. 

For example:— 


b7 b6 b5 b4 b3 b2 bi 0b0 
a * ae 0 oO 1 QO 1 Binary = 37D or ‘%’ normal. 
a | 1 0 0 1 QO 1 Binary = 101D or ‘%’ inverse. 


Note the way that bit 6 determines normal/inverse. Also 
note that bit 7 does not change. The most significant bit (MSB) 
is used to indicate text character to the on-chip ROM. 


In summary, for the character source, a 6-bit ASCII code is 
used to call the elemnent from the on-chip ROM, the seventh 
bit indicates normal or inverse illumination, and the eighth 
bit is held low to indicate Alphanumeric mode. 
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INVERSE 
Black character |. 
Green or orange background (selectable) 


NORMAL 
Black background 


Figure 6. Format of Alphanumeric Mode — internal on 
MC6847. Each character is 12 by 8 pixels and each screen 
is 32 by 16 characters. A 6-bit ASCII code specifies the 
character from an on-chip ROM. 


701FH (28703) 


eae AE Dana eae 


Green or orange character (selectable) 


Figure 5. Screen addressing 
for MODE (0) or lo-res 
displays on VZ computers. 
This mode corresponds to 
Alphanumeric and 
Semigraphic 4 on VDG and is 
32 by 16 characters in size. 
Each character is byte- 
mapped as indicated. 


71FFH (29183) nes, 


b7 b6 b5 b4  »b3  »b2~ »b1_ bO 


alpa inv 6-bit : ASCII 
*AIS INV | 


In graphics mode the Semigraphics 4 mode of the VDG is 
used. The 8 by 12 pixel character is divided into four ‘rec- 
tangular’ quadrants of size 4 by 6. The quadrants are ‘psuedo- 
addressable’ by selecting the correct area as shown on Figure 
4 


In Semigraphics mode, a more comprehensive form of en- 
coding is used. The character codes extend from 128 to 255, 
implying that the MSB (or bit 7) is set to 1 (or high) to indi- 
cate that a graphics character is encoded in the byte. The 
graphic block character contains 16 discrete patterns involv- 
ing ‘switching’ on or off the four quadrants. The four 
low-order bits handle a quadrant a piece (refer Figure 7). Ad- 
ditionally one-of-eight illumination colours is encoded in the 
next three bits (bits 6 to 4). 

For example:— 


b7 b6 b5 b4 b3 b2 bi »b0 
aaa © Sener Ge 0 1 Binary = 217D or a cyan 
G4 1 O O 1 OO 1 Binary = 145D or Ay yellow 


COLOUR 


BLACK 
GREEN 
YELLOW 
BLUE 

RED 
BUFF 
ELEMENT CYAN 
MAGENTA 


X 
0 
0 
0 
0 
1 
1 
1 
1 


ORANGE 





1 [c2] c1}co}a3}a2] a1ao 


BYTE ORGANISATION 


Figure 7. Format of Semigraphic 4 Mode on MC6847. Each 
character is 12 by 8 pixels but elements or quadrants can 
be individually illuminated giving a screen resolution of 64 
by 32 elements in up to eight colours. 


October 1986 — Australian Electronics Monthly — 111 


Figure 8. Screen Addressing 
for MODE (1) or hi-res 





Fae 7000H (28672) 


displays on the VZ computers. 0,0 > EE EERE EEE EEE PEER TEEPE Eee EEE PR < 127,0 


This mode corresponds to 
Colour Graphics 2 on the VDG 
and is 128 by 64 elements in 
size. Each element is mapped 


with two bits. 0,15 » Bato 


<€@ 127,15 


0,31 > FE oe a ae Sescocsoncea 


HH <@ 127,351 


0,47 > EEE EEE <4 127,47 


0.63 > EEE 127.63 


‘T— 77E0H (30688) 


_ In summary, for Semigraphics mode it can be seen that 
each of the four least significant bits controls one of the quad- 
rants, whilst the next three bits determine the colour of the 
illumination. The most significant bit is set high to indicate 
a graphics block is encoded. 


b7 b6 


b5 b4 b3 b2 b1 bO 
graphic G3 G2 G1 GO 
*AIS 


In this mode, although the screen is formatted into 32 by 
16 graphics blocks, in fact the quadrant resolution is actual- 
ly 64 by 32 and with all of the eight colours available. This 
may be thought of as an intermediate resolution display 
mode. 

Thus it can be seen that Alphanumerics in either Normal 
or Inverse style and Semigraphics blocks of up to eight 
colours can be individually set on the lo-res screen by byte 
mapping. Different forms of encoding the necessary infor- 
mation are used in each case. These features combine to make 
MODE(0) quite a powerful display despite its lack of reso- 
lution. 


Hi-res /Graphics/Mode(l) 

In hi-res or MODE(1), the screen has 128 by 64 elements 
individually addressable. This corresponds to 8192 elements 
and with only 2K of video RAM available, then some sort 
of trade-off in features over lo-res must ensue. In hi-res, each 
element is 2 by 3 pixels in size and is (noticeably) rectangu- 
lar in shape. Video RAM addressing extends from 7000H 
(28672D) to 71FFH (30719D) — 2048 bytes as shown in Figure 
8. 

This mode corresponds to Colour Graphics Two (CG2) on 
the VDG chip. Each byte addresses four consecutive elements 
across the screen. Each element may be one-of-four colours 
(selected from either of the two colour sets). Note the trade- 
off in colours and the different way in which elements are 
addressed on the screen — such that MODE(0) and MODE(1) 
screens cannot be mixed. 

There are a couple of ways in which each element may be 
illuminated. 

The simplest (and slowest) way is by using the BASIC com- 
mands of SET and RESET. These commands alter two bits 
of the appropriate byte in the video RAM area. The process- 
ing is very slow because of this limitation and the fact that 








63,63 77FFH (30719) 7 

it is done through the BASIC interpreter. Listing 1 provides 
a simple illustration of this method. The program fills the 
entire screen with hi-res elements according to the COLOR 
command. The use of integer index variables speeds up the 
program a little. 


10 *XKKXSNAIL GRAFHICS DEMOxxkx 

20 "Kkk HI-RES KKK LISTING 1 
30 ° KKK VERSION 1.2 xxx 

40 ’KKK RLB.K. 22/5/86 *kx 

SO "kkk EXECUTION TIME 43.7 SECS. 

100 *SET TO HI-RES 

120 MODE (1) 

130 COLOR 3,0 

140 SOUND 10,1 

200 FOR VZ=0 TO 63 

210 FOR H%Z=0.TO 127 

220 SET (H%~,V%) 

230 NEXT H% 

240 NEXT V% 

250 SOUND 10,1 

260 STOF 

270 END 

10 "xXxXxXSNAIL GRAFHICS DEMOxXxx 

20 7’ Kx HI-RES KKK LISTING 2 
3O "KKK VERSION 2.3 KKX 

40 *kKe RLB.K. 22/5/86 KKK 

SO *xkkxk EXECUTION TIME 8.3 SECS. 

100 ’SET TO HI- RES 

120 MODE (1) 

130 COLOR ,0 

140 V%=170+ SOUND 10,1 

200 FOR 1%=28672 TO 30719 

210 POKE I1%,V% 

220 NEXT I% 

250 SOUND 10,1 

260 STOP 

270 END 

10 *x*xXxXNEAR-LIGHT-SPEED GRAPHICS DEMOxXxx 
20 * KKK HI-RES wOKK LISTING 3 
30 ° KKK VERSION 1.2 xxx 
40 "xk R.B.K. 22/5/86 xxx 


50 ***k EXECUTION TIME 0.5 SECS. 

100 ’**k*LOAD BLOCK MOVE MACHINE CODE. *xx 

110 FOR I%=-28687 TO -28674 

120 READ A%: POKE 1%, A% 

130 NEXT 

140 DATA 33,0,112,17,1,112,1, 255, 7,54, 170, 237,176, 201 
200 **XKKINITIALIZE USR() TO ADDRESS @FF1H OR —28687D. xxx 
210 POKE 30862,241: POKE 30863,143 

300 ’XK*SET TO HI-RES. xxx 

310 MODE (1) 

320 COLOR ,0 

330 SOUND 10,1 

340 X=UER(O) 

350 SOUND 10,1: SOUND 0,9 

360 COLOR ,1 

370 SOUND 10,1: SOUND 0,9 

380 STOP 

390 END 
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10 OOOO OK 
20 *kk*k 2000 VZ SCREENS %*k 
30 7 4K VERSION 1.2 PSS 
40 *Kxx R.B.K. 18/5/86 *kK 
Wi Stee cece ce ccced s&s 333% 5 5 | 


LISTING 4 


100 *>xxxFIND TOP OF MEMORY. 

110 M1=PEEK (30898) :L1=PEEK (30897): 
120 TM=M1*256+L1-20 

130 MS=INT (TM/256) :LS=TM-MS*254 
140 POKE 30898,MS:FOKE 30897,LS 
150 ” 

200 **xXx*xSET UF LOADING OF USR‘() ROUTINE. 

210 TM=TM+1 :°>**KKXNEXT ADDR IN RESERVED MEM. 
220 MS=INT(TM/256) :LS=TM-MSk256 
230 POKE 30863,MS:POKE 30862,LS 
240 AD=TM+10 

250 IF TM?32767 THEN TM=TM-65536 
260 IF AD+32767 THEN AD=AD-65536 
270 ’” 

300 > *xXxXLOAD MACHINE CODE. 

310 FOR ID=T TO TM+13 

320 READ VL:POKE ID,VL 

330 NEXT 

340 ” 

400 ’**xZ-80 BLOCK MOVE SUBROUTINE. 
410 DATA 33,090,112 :’LD HL, 7000H 
420 DATA 17,1,112 :°*LD DE, 79001H 
430 DATA 1,255,7 :*LD BC,O7FFH 
440 DATA 54,85 :*°LD (HL) ,SSH 


**XXKPRESERVE TOM FOINTERS. 
**XKKRESERVE TOP 20 BYTES. 


:’*X*XXADDR. FOR CHARACTER BYTE. 
:°> KKXCONVERT TO SIGNED INTEGER. 


(#28672D START VIDEO RAM) 
(#28673D NEXT OR DEST.) 
(#2047D SIZE OF VIDEO RAM) 
(#85D YELLOW OR CHAR. "U") 


450 DATA 237,176 :*LDIR (BLOCK MOVE INSTRUCTION) 
460 DATA 201 2? REF 
470 ’” 


500 ***xINITIALIZE DELAYS — CONTROL SPEED OF EXECUTION BY D. 
S10. T=0 :°XKXTONE O IS REST. RANGE IS 0 TO 31 
520 D=4 :°XXKDURATION 9 IS LONG. RANGE IS 1 TO 9 
S30 P=30744 :’XXKADDR. FOR INVERSE CONTROL. 

540 POKE P,O :°**xSET UP SCREEN. 

SSO ” 

600 **xkxXSET UP DEMO LOOF. 
610 FOR ID=0 TO 255 

620 POKE AD, ID 

630 *xXKKSCREEN MESSAGE. 
640 MODE (0) >’ KXKXSET *A/G LO. 

650 POKE P,O 2’ *XKKSET INV LO. 

660 PRINT9234," CHAR = “;ID:SOUND T,D 

670 *xkkK*XLO-RES SCREENS. 

680 >*xkLO-RES GREEN CHARACTER ON BLACK BACKGROUND. 
690 X=USR(O):COLOR,O:SOUND T,D:* **«*SET CSS LO. 

700 > *x*LO-RES ORANGE CHARACTER ON BLACK BACKGROUND. 
710 COLOR, 1:SOUND T,D 2° xKKSET CSS HI. 

720 POKE P,1 >’ XKKSET INV HI. 

730 > *KXLO-RES BLACK CHARACTER ON GREEN BACKGROUND. 
740 X=USR (0) :COLOR,9O:SOUND T,D:* *xxSET CSS LO. 

750 > k*KxXLO-RES BLACK CHARACTER ON ORANGE BACKGROUND. 
760 COLOR, 1:SOUND T,D :°xkxXxXSET CSS HI. 

770 7XKXHI-RES SCREENS. 
780 MODE (1) 2° KKXSET *A/G HI. 
790 POKE P,O 2° *kKKSET INV LO. 
800 > **X*HI-RES COLOR SET © —- GREEN SURROUND. 
810 X=USR(O):COLOR,O:SOUND T,D:’ **xSET CSS LO. 
820 ***KHI-RES COLOR SET 1 -— BUFF SURROUND. 

830 COLOR, 1:SOUND T,D :’?KKKSET CSS HI. 
840 POKE P,1 :*KKKXSET INV HI. 
850 7¥KXKHI-RES COLOR SET 0. 

860 X=USR(O):COLOR,0O:SOUND T,D:’*xxSET CSS LO. 
870 ?**XHI-RES COLOR SET 1. 
880 COLOR, 1:SOUND T,D 

890 *xXESRESET CONTROLS. 

900 POKE P,0:COLOR,O:CLS 

910 NEXT 

920 ’ 

930 ’X*K*KRESET TOM POINTERS. 

940 POKE 30898,M1:POKE 30897,L1 
950 STOP: END 


:’XXxkSET CHARACTER BYTE. 


:*xxEXSET CSS HI. 


A quicker way is to POKE values into each byte, thereby 
setting four elements at a time. Listing 2 demonstrates this 
technique. This program also fills the entire hi-res screen with 
elements whose colours are determined by the variables V%. 

The quickest way is to use a machine language program 
to load appropriate values into the video RAM. This tech- 
nique is a very rapid way to fill the screen. Listing 3 is an 
example of this method. This program POKEs machine code 
into hi-memory. The subroutine uses the very efficient Z80 
Block Move command to fill the screen according to the value 
stored at address -28677D. It is fast! 

Both of the last two methods require that an understand- 
ing of the value to enter into RAM is known. This requires 
a knowledge of how each byte is organised in CG2 mode. 

As mentioned previously, each byte controls four elements 
which can be selected from four colours. Bits are treated in 
pairs (dibits!) with each pair corresponding to an element. 
Each dibit can have a value of 00B to 11B to indicate colour. 
This is set out on Table 3. 

Four example, suppose we want an entirely BLUE screen. 
Then POKE (128 + 32 +8 + 2) or 170D into the appropriate area 


TABLE 3: 
CONFIGURATION OF BYTES IN MODE (1). 


3 2 1 0 
four GREEN/BUFF elements. 


Bin. = 

Dec. = 0D 
01 01 01 Bin. = four YELLOW/CYAN elements. 
64 4 1 Dec. = 85D 


10 10 10 10 Bin. = four BLUE/MAGENTA elements. 
Dec. = 170D 


2 
1 Bin. = four RED/ORANGE elements. 
* Dec. = 255D 


The decimal numbers corresponding to each element position AND colour 
provide the value that needs to be POKE’d or loaded. 


of the screen. If, however, a striped screen consisting of RED- 
GREEN-BLUE-YELLOW vertical bands is required, then 
POKE (192 +0+8+1) or 201D. 

Although only four colours are available, there are two 
colour sets available. These are called by the COLOR 
command. 

COLOR, 0 sets the background colour to green and the 
‘strong’ colours of yellow, blue and red are available. 

COLOR, 1 sets the background to buff and the ‘pastelle’ 
colours of cyan, magenta and orange are available. 
~ To think back to the RESET command mentioned before, 
it should be apparent that this command simply resets each 
dibit or element back to 0OB, or the background colour. 


Element # 


Finale 

Well there we have it! For thee who have perservered thus 
far I have included Listing 4 which is entitled ‘2000 VZ 
Screens’. It is about as exciting as watching a Late Night 
Movie — and takes about as long to run! Actually it illustrates 
all of the features discussed in this article. For those who wish 
to sit-it-out — watch those control lines operate! 





REFERENCE LISTING OF VZ-200/300 MAGAZINE 
ARTICLES 


Since its introduction in early 1983, over one hundred articles on 
the VZ-200 and 300 have appeared in magazines. some articles review 
the hardware and others describe peripherals, some excellent games 
have been published and a very useful set of utility routines has 
emerged. 

This bibliography for the VZ computer is a must for the serious 
VZ User. 


UTILITIES 

Oct. 83 APC 52,4 BASIC program conversion. (Surya) (2) 
Nov. 83 APC 57,9 Program conversion Pt. 2 (Surya) (2) 
Nov. 83 APC 89-95 BASIC converter chart. (Surya) (7) 
Feb. 84 APC 140-1 Program conversion Pt. 2 (Surya) (2) 
Mar. 84 APC 42-3 Program conversion — Apple II (Surya) (2) 
Apr. 84 APC 71-2 Program conversion — TRS 80/System 


80 (Surya) f (1) 


May 84 APC 75-6 Program conversion — Atari (Surya) (2) 


Jun. 84 APC 67 Program conversion — Sinclair (Surya) (1) 
Jul. 84 APC 129-30 Program conversion — BBC (Surya) (2) 
Mar. 84 ETI 63 More functions for the VZ-200. (Olney) (1) 
Apr. 85 ETI 117 Notes and errata for Olney. (-) 
Jul. 84 M80 3-4 VZED — three new functions. (1) 
Aug. 84 M80 2 VZ-200 output latch. (1) 
Aug. 84 M8s0 9, 15, 16 Memory peek VZED. (Carson) (1) 
Aug. 84 M80 3-4 Microsoft ROM BASIC Level I bug. (1) 
Apr. 85 APC 97 VZ-200 bug. (Tritscher) (-) 
Aug. 85 APC 31 VZ bug. (Tritscher) (-) 
Aug. 84 APC 94 VZ-200 moving message and trace. 
(Batterson) (1) 
Nov 84 APC 125 Trace function. (Breffit) (-) 
Nov 84 APC 125 VZ-200 correction. (Kelly) (-) 
Oct 84 ETI 135-7 Extending VZ-200 BASIC. (Olney) (3) 
Nov 84 APC 125-6 TRON/TROFF function for VZ-200. 
(Thompson) (1) 
Nov 84 APC 208-12 MON-200 machine code monitor. 
_ (Stamboulidas) (5) 
Nov. 84 PCG 55-56 Lprinter. (Quinn) (2) 
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Nov. 84 PCG 
Feb. 85 APC 
Feb. 85 APC 
Apr. 85 PCG 
Apr. 85 APC 
Apr. 85 APC 
Apr. 85 APC 
Jul. 85 APC 
May 85 APC 
May 85 ETI 
May 85 APC 
Aug. 85 APC 
Aug. 85 APC 
Sep. 85 APC 
Oct. 85 APC 
Oct. 85 APC 
Nov. 85 APC 
Nov. 85 ETI 
Jan. 86 APC 
Feb. 86 APC 
Mar. 86 APC 
Mar 86 YC 
Jun 86 APC 
GAMES 
Dec. 83 APC 
Jan 84 YC 
Apr. 84 APC 
Jul. 84 APC 
Jul. 84 M80 
Jul. 84 M80 
Aug. 84 M80 
Aug. 84 M80 
Oct. 84 PCG 
Nov 84 PCG 
Jan 85 PCG 
_ 85 BYC 
Mar 86 CFG 
_ 85 BYC 
Jan 85 APC 
Jan 85 YC 
Jan 85 PCG 
Mar. 85 YC 
Apr. 85 YC 
Apr. 85 PCG 
May 85 YC 
May/Jun 85 PCG 
Jun. 85 YC 
Jan. 86 YC 
Jul. 85 YC 
Aug. 85 YC 
Oct. 85 PCG 
Oct. 85 YC 
Mar. 86 APC 
May 86 =ETI 
BUSINESS 
Aug. 84 APC 
Oct. 84 APC 
Oct. 85 APC 
Oct. 84 APC 
Dec. 84 APC 
May 85 APC 
Jul. 85 APC 
-PERIPHERALS 
Feb. 84 EA 
Aug. 84 EA 
Aug. 84 PCG 
Oct. - 84 APC 
Dec. 84 APC 
Oct. 85 YC 
Nov. 84 ETI 
Dec. 84 ETI 
Aug. 85 ETI 
Jun. 86 EA 


suppl. 
171 


20 


62-64 
19 


103 
95 
176 
52-3 
99-101 
110 
130 
130-3 
145 
218 
147 
189 
94-5 


83, 5 
127 
chart 
103-5 
209 


161-3 
65 


178-80 
174-8 

7, 22 

7, 20,21 
9,16 

9, 16, 17 
55-7 


72-8 
106 


VZ-200 reverse video. (1) 
- BASIC understanding (Hobson) (1) 
VZ-200 into puberty — Olney’s 
extended BASIC. (1) 
Find. (Stamboulidas) (3) 
Use of RND in dice and card games. 
(Holland) (1) 
VZ variable definition. (Stamboulidas) (1): 
Variable GO TO on VZ. (Olsen) (1) 
Correction to VZ variable GO TO (-) 


Lusco support for VZ-200. (Young) (1) 
VZ-200 hardware interrupt. (Olney) (3) 


Background VZ. (Williams) (1) 
VZ-200 instant colour. (Willows) (-) 
Reversed REM. (Quinn) (1) 
Real-time clock. (Griffin) (1) 
APC benchmark BASIC programs. (1) 
VZ deletions. (Quinn) (1) 


VZ EDITOR/ASSEMBLER tips. (Lam) (1) 
Olney’s Level II BASIC for VZ-300/300. 


(Rowe) (2) 
VZ user graphics. (1) 
Machine language calls. (1) 
APC BASIC converter chart 1986. (8) 
VZ-200 cassette inlays. (Dutfield) (3) 
VZ pause. (1) 
Missile Command. (Whitwell) (2) 
Graphic Sine Waves for VZ-200. 

(Nickasen) (1) 
Moon Lander. (Alley) (2) 
Blockout. (Pritchard) (3) 
Battleships. (Carson) (1) 
Junior Maths. (Carson) (2) 
Contest Log VZED. (Carson) (1) 
Dog Race VZED. (Carson) (1) 
High Resolution Graphics Plotting. 

(Thomson) (3) 
Tips for ‘Ladder Challenge’, ‘Panik’ 

and ‘Asteroids’. (1) 
POKEs to ‘Ghost Hunter’. (-) 
Gold Simulation. (McCleary) (2) 
Gold Simulation. (McCleary) (-) 
Knight’s Cross. (Lucas) (1) 
Sketcher. (Leon) (3) 
Punch. (Rowe) (2) 
Space Station Defender. (Shultz) (5) 
Decoy. (Rowe) (2) 
Painter. (Daniel) (1) 
Roadrace. (Thompson) (3) 
Number Sequence. Ph aiinnds) (1) 
Sketchpad. (Thompson) (5) 
Morse Tutor program. (Heath) (1) 
Morse Tutor — again. (Heath) (2) 
Electric Tunnel. (Daniel) (1) 
Number Slide. (Daniel) (1) 
Cube. (McMullan) (6) 
Yahtzee. (Thompson) (3) 
VZ Frog. (Alley) (1) 
Balloon Safari, The Drop and Flatten. 

(Sheppard) (1) 
Database VZ-200. (Barker) (6) 
WP for VZ-200. (McQuillan) (-) 
Comment on Barker’s and Quinn’s DB. 

(Lukes) (-) 
Minicalc Spreadsheet. (Stamboulidas) (5) 
Correction to Minicalc. (1) 
Micro Type (WP). (Browell) (2) 
Database. (Quinn) (2) 
Real-world interface. (1) 
Improved graphics on VZ-200. 

(Dimond) (1) 
I/O card for VZ-200. (ad) (1) 
Serial help request. (Pope) (1) 
Add-ons for VZ-200. (Bleckendorf) (-) 
VZ-200/300 Modem. (ad) (-) 
A ‘Glass-Teletype’ using the 

VZ-200 Pt I (7) 
A ‘Glass-Teletype’ using the 

’ VZ-200 Pt II (5) 
VZ-200 terminal. (7) 


VZ serial terminal. (ad DSE kit K6317) (-) 


Feb. 


Mar. 
Sep. 


86 


86 


ETI 


ETI 


72-4 


48 


86 AEM 89-92 


Modifying VZ-200 16K memory 
expansion. (Olney) (3 

Talking VZ-200. (Bennets) (1 

VZ-200/300 Screen-handling. (Kitch) (4 


COMMERCIAL SOFTWARE REVIEWS 
84 APC 190-1 


Mar. 
Aug. 


Oct. 


Nov. 
Jan. 

Feb. 
Mar. 
Apr. 
Apr. 


Oct. 
Nov. 


84 


84 


84 


85 


85 


85 


85 


85 


85 
85 


pcg 
PCG 


PCG 
PCG 
PCG 
PCG 
PCG 

ETI 


PCG 
PCG 


46-47 


90-91 


90-96 


65 


‘76 


76-77 
94-99 
103 


68-9 
70-1 


HARDWARE REVIEWS 


Apr. 


Apr. 
May 
Jun. 

Jun. 

Jun. 

Aug. 
Jul. 


Jul. 


Jul. 
Sep. 
Aug. 
Sep. 
Oct. 
Oct. 
Oct. 
Dec. 
Nov. 
Nov. 
Feb. 
Spring 


Jun. 


Aug. 
Oct. 
Nov. 
Nov. 
Dec. 
Jul. 


Aug. 
Dec/Jan 


83 
83 
83 
83 
83 


83 


84 
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83 


83. 
83 


83 — 


83 
83 
83 
83 
83 
83 
83 
84 
84 
84 
84 


84 
84 
84 
84 
85 


85 
86 


APC 


58-66 
38-43 
26-30 
137 
30 

6 

12 
32-7 


130-3 


16 
40 


. 20-33 


202-4 
77-8 
135 
12 

11 


37-40 


42-108 
218-21 
52-4 
12-9 
30-3 


82-87 
14-19 
78-80 
28-31 
102-6 


22-7 
11-15 


GENERAL PROGRAMMING 


Jan. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sep. 
Jan. 
Feb. 


Mar. 
Apr. 
Oct. 


Jun. 
Jun. 


Oct. 
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83 


3/1-3/5 
73-85 
57-64 
89-98 
53-60 
61-64 
110-116 
145-151 
122-124 
103-109 


98-109 
79-87 
82 


170-171 
171-173 


107-8 


Review of DSE ‘Matchbox’, ‘Biorythms’, 
‘Circuit’, and ‘Poker’. (Davies) (2 


_ Review of DSE ‘Panik’ and ‘Ladder 


Challenge’. (1 
Review of DSE ‘knights and Dragons’, 
‘Ghost Hunter’, ‘Othello’, and 


‘Invaders’. (2 
Review of LYSCO ‘Cub Scout’ and DSE 

‘Dracula’s Castle’. (1 
Review of DSE ‘Air peerne Controller’ 

and ‘Tennis’. (1 
Review of DSE ‘Defence Penetrator’ 

and ‘Star Blaster’. (1 
Review of DSE ‘Planet Patrol’ and 

‘Learjet’. (1. 
Review of DSE ‘Asteroids’, ‘Super 

Snake’ and ‘Lunar Lander’. (1) 
Logbook and Morse on VZ-200. (1) 
Review of DSE ‘Duel’. (1) 
Review of DSE ‘Attack of the Killer 

Tomatoes’. (1) 
VZ-200. (Hartnell) (5) 
Review of VZ-200 (3) 


Video Technology VZ-200 PC. (Ah1) (3) 


New low-cost computer — VZ-200. bi 
Dick Smith colour computer. (1) 
DSE VZ-200. (-) 
VZ-200. (-} 
DSE’s personal colour computer. 
(Harrison) (3) 
The VZ-200: colour, graphics and sound. 
(Vernon) (4) 
Timing the Laser’s phazer. (Stokes) (1) 
Laser. (-) 
Cash and Carry Computers. (Bell) (9) 
Review of VZ-200 and PP40 (1) 
VZ-200. (1) 
Texet TX8000. (1) 
The Laser 200. (-) 
Laser 200. (-) 
A look at the Laser. (Green) (4) 
The Laser — a shot in the dark. (3) 
Laser PP40 Printer/Plotter. (2) 
Laser 200. (Green) (3) 


Buying your first computer. (Vernon) (6) 
An important role for small computers. 


(Williams) (4) 
Home micro supertest. Pt. 3 

(Bollington) (5) 
Home micro supertest. Pt. 4 

(Bollington) (4) 
VZ-200 as a WP (DSE E&F tape WP). 

(Williams) (2) 
Review of video games consoles. (4) 
Dick Smith’s new VZ-300. (Rowe) (5) 


WP on the new VZ-300. (Williams) (5) 
How to buy a micro — VZ-300 


compared. (4) 
PE Micro-file #3 — Z80. (Coles (5) 
Teach yourself assembler Pt. 1 (Overaa) (6) 
(8080, Z80, 6502) Pt. 2 (Overaa) (5) 
(8080, Z80, 6502) Pt. 3 (Overaa) (5) 
(8080, Z80, 6502) Pt. 4 (Overaa) (5) 
(8080, Z80, 6502) Pt. 5 (Overaa) (3) 
(8080, Z80, 6502) Pt. 6 (Overaa) (5) 
(8080, Z80, 6502) Pt. 7 (Overaa) (4) 
Sort at input. (Ithell) (1) 
The basic art — algorithms, structures 

(Liardet) (4) 


Pick a number — arithmetic. (Liardet) (5) 
It takes all sorts — sorting. (Liardet) (5) 
The Art of Programming — Progress. 

(Hjaltson) (-) 
Comment on binary search. (Lamich) (1) 
Comment on disbribution sort. 

(Riordon) (4) 
Sorting out the sorts. (Jankowski) (1) 
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TECHNICAL DATA: 


300/300 BAUD FULL DUPLEX CCITT V21 
1200/75 BAUD HALF DUPLEX CCITT V23 


MODULATION TECHNIQUE: 
PHASE. COHERENT FREQUENCY SHIFT KEYING (FSK) 


TRANSMISSION LEVEL MAX — 10 dBm 
TRANSMISSION SPEED 300 & 75 BAUD 
RECEIVER SENSITIVITY — 45 dBm 
RECEIVER SPEED 300 & 1200 BAUD 


12 MONTHS WARRANTY 
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MC10 USERS: The MC10 Users Group is ac- 
tive with an informative 20-page newsletter dis- 
tributed every month. Send US$16 for air mail 
sub., to: Larry Allen, Box 103, Owenseville, IN 
47665 USA. 


SCANNER LISTING of Australian VHF/UHF 
aeronautical frequencies. Approx. 500 sorted 
freq/location/service. $5. D. Vale VKS3CDI 
QTHR, or write PO Box 2395, Mildura Vic. 
3500. 


SELL: ICOM-730 amateur transceiver, HF 
bands 3.5-28 MHz, 100 watts, very small, a real 
pleasure to operate. Now replaced by latest 
IC-735 so must regretfully offer for sale at $750. 
VK7TM Hobart. (002) 39 1391. 


SINCLAIR REPAIRS: ZX Spectrum, Micro- 
drive, Interface One. Cheap rates, excellent 
service. All Sinclair parts available (QL, ZX81, 
Spectrum etc). Video conversions, etc. Con- 
tact Chris Smith, PO Box 466, Epping 2121 
NSW. (02) 86 5626. 


YAESU FRG8800 communications receiver, 
four months old with original packing and 
manuals. Condition as-new. Current price 
$1269, sell for $950. Also, some accessories 
for sale with or without receiver. VK7TM Hobart 
(002) 39 1391. 


WANTED TO BUY, Quadronec SQ decoder 
in working order. Phone, reverse charge, with 
price and details: (071)72 6933, Len Ralph. 


SELL: BIG BOARD Il, Z80 computer. Fully 
operating, requires case, power supply, key- 
board and disk drives. Ideal for hobbyist to set- 
up an RCPM bulletin board. $450.00 ONO. 
Phone Ron (02)487 2619. 


ADMARKET 


WANTED, FREE for student — discarded 
equipment. Receivers, computers, test gear, 
etc. Working or not. For repair or parts, any 
condition. I’m studying electronics. Please 
send to: P.J.F., 9 Walsgot St, Geelong 3215 
Vic. (02)78 1923. 


ADMARKE 


NATIONAL SWL CLUB: For shortwave 
listeners, the Southern Cross DX Club wel- 
comes inquiries from anyone interested in 
listening-in to shortwave, mediumwave, utili- 
ty and amateur radio transmissions. Please 
write to GPO Box 1487, Adelaide 5001 S.A. 


Readers’ free adverts. 
READERS-CLUBS-ASSOCIATIONS 


WE'LL PUBLISH your advertisement of up to 32 words (maximum), totally free of charge. 

Either fill out the coupon here, or write or type it out onaclean sheet of paper. But please make it 
legible. other wise it may not turn out as you intended! Copy must be with us six weeks prior to 
the month of issue. Every effort will be made to publish you advertisement, but no responsibility 


for so doing is accepted or implied 


CONDITIONS You must include your name and ‘phone number and/or address within the 32 


words (for amateurs. 


‘QTHR 1s acceptable). Accepted abbreviations such as DSDD, 100 W RMS, 


ONO etc. may be used. Please include you name and full address plus ‘phone number with a covering 
letter Private advertisements only will be accepted. We have ‘small ads’ for traders, who should 


contact our advertising representatives. 
Send your adverts to: 


AEM ADMARKET 


Australian Electronics Monthly 
PO Box 289 WAHROONGA 2076 NSW 
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dial-up 


with Roy Hill 





WELCOME to the first of what we hope will be a monthly ap- 
pearance of this column. I have been asked to write this as a 
regular news/update feature of the magazine on the topic of com- 
puter communications, with special emphasis on the Maestro 
Supermodem (AEM4610) and its associated expansion boards 
and peripherals. This has been prompted largely by requests 
from constructors and users for on-going support. The success 
of this column will therefore depend to a large extent on con- 
tributions from you. So here’s the offer!! Let’s here your com- 
ments, suggestions or any ideas you may feel will make a 
contribution to the success of the Supermodem. Every contri- 
bution will receive a full evaluation between myself and the 
designers of the project, Chris and Dan Darling. Please feel free 
to criticise the column and/or the modem, but please be con- 


structive (i.e: suggest how improvements may be made) rather © 


than destructive in your criticisms. We'll also entertain queries 
on the other AEM project modems, plus suggestion on modifi- 
cations, additions, etc. 


Firstly, a progress report on what has been happening to the 


Supermodem itself. Sales of both the kit and the completed ar- 
ticle have been phenomenal. In fact, sales have been so good 
that I still don’t have a modem myself full-time! Yes, I did build 
one (I had to build one to be able to write the series of articles 
from a constructor’s point of view), but I only had it for a while 
— someone out there is using the modem I built. Chris (who 
designed the software) only got his own modem quite recently. 
Brother Dan kept filching each one he built and sending it else- 
where! I believe that Chris has pro-locked (i.e: professionally 
locked) this one to his workbench. 


V.22 and other news 


The V.22 expansion board is very close now — a prototype has 
been worked up and proven and the first circuit boards are due 
for delivery within weeks. A dedicated Videotext board is also 
near to production, so you can expect to hear more about that 
in the next few issues, followed by a speech synthesis expan- 
sion board. Your Supermodem will then be able to TALK to 
people (it may even be possible to make it sound like you — 
just think of the possibilities!). 

A Version 5 update of the Maestro EPROM is available from 
Maestro Distributors (Calool St, South Kincumber 2256) for the 
cost of $15. Please send back the old one when you receive the 
latest — they can be re-cycled and this helps to keep costs down. 
V5 contains several additional commands that were not availa- 
ble on previous releases (see the Command Summary Table this 
column). However, for those with patience, V6 is not far away 
now, Chris assures me, and it will contain significant differ- 
ences to even V5 (i.e: it will contain V.22 routines). 


Bugs, fixes & other updates 


1. Pin 14 of IC24 (the 1488 line driver) has had the power sup- 
ply changed from +5 to +12 V. It was found that performance 
was more consistent at the higher voltage. 


2. The output (pin 3) of IC16 (the 555 timer) is the opposite logic 
to the RESET line. That is, the output is high on power-up and 
then goes low. The output is then inverted through pin 1 of IC7 
(a 74LS04 inverter). ) 


3. The 74LS251 chip is completely interchangeable with the 
74LS151 — your Supermodem may contain either. 


4. It has been found that IC20 performs better if R9 is changed 
to a 470 ohm resistor, rather than a 100 ohm resistor. Check 
the value before you replace it — only early versions had the 
100 ohm resistor. 


5. The test procedure for IC9 (the 6821 PIA) is incorrect. 
However, the procedure for IC13 is correct. Because the two 
chips share the same address and data buses, there is no real 
problem with checking them out. If there appears to be a 
problem with one of the PIAs, try swapping them around (you 
can do the same thing with the two ACIAs if you suspect either 
of them). 


One of the most frequent requests coming both to Maestro 
and AEM is for a detailed quick reference chart for the Hayes 
AT command set as it applies to the Supermodem. The origi- 
nal table (AEM June 86, pp 90-96 inc.) was incomplete and had 
a few minor bugs. The updated version is given here in a form 
suitable for cutting out and pasting on a piece of cardboard for 
keeping beside your computer. Commands that have not been 
included in the previous construction articles will be printed 
in italics. Commands whose functions have been modified or 
expanded will be printed in bold type. 


Use of registers 


This section provides details of the modem registers available 
for use with programmers or those wishing to take advantage 
of options within communications packages. Refer to Note 5, 
also. 


Register Range value Default Function 
0 0->225 0 This register controls the 
number of rings before the 
auto-answer responds. 
4 0->127 ASCII 10 Line Feed character. 

10 1->255 (x 1/10s) 7 Delay time between loss of 
carrier and auto-disconnect 
of the modem. 

REGISTER 0 


This determines the approximate number of rings the modem 
will count before it will auto-answer the incoming call. If a value 
of 0 is selected (the default value), then the modem will not an- 
swer any incoming call until this register is set to a non-zero 
value. When this value is changed to a non-zero value, the mod- 
em enters the Auto Answer Mode (see below). 


REGISTER 4 


This register determines the character sent after the carriage 
return when receiving responses from the modem. If you do 
not need or want a linefeed character, then you can change this 
value to a null character (using command ATS4=0), but you 
cannot disable line feeds. 


REGISTER 10 


This register determines the delay time for which the carrier 
signal can disappear from the line, without your modem dis- 
connecting. Assigning the maximum value of 255 tells your mod- 
em to ignore the Carrier Detect signal status and act as if a 
carrier is constantly present. 


CHANGING A VALUE 


To change a register’s value, use the ‘Sr=n’ command where 
‘r’ indicates the register number and ‘n’ indicates the new value. 
For example, if you wanted the modem to answer the phone 
on the sixth ring, you need to issue the command ‘ATSO=6’ 
and press return. You will then receive the standard ’OK’ 
response if you have typed the command correctly. 


AUTO ANSWER MODE 


Auto Answer is the mode set to allow the modem to await in- 
coming calls. This mode is activated when Register 0 is set to 
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AEM4610 SUPERMODEM COMMAND SET SUMMARY 


This puts the modem immediately “‘off-hook” to 


Turn off the transmit Carrier Enable on the modem. 
Turn. on the Transmit Carrier Enable on the 


The modem will echo characters as they are sent 


The modem will echo charachters as they are re- 
transmitted from the remote computer. This only 


Telephone circuit is disabled — can’t transfer data 


Telephone circuit is enabled — this command is 


Display Menu and current status setting — ena- 


Speaker on until carrier is detected — then off. (2) 


Change from COMMAND mode to ON-LINE mode 


Don’t send modem responses to the host 


16 status registers used by modem — several 


Send message numbers only to host computer. (6) 
Send messages instead of numbers to host 


Normal operation — auto bps turn-around disabled. 


Reset all options to their default values and re- 
initialise the modem. Use this feature as an “‘if all 


Return to COMMAND mode (or return control to 
the communications pacakge in use) from the ON- 


COMMAND PARAMETERS FUNCTION EXPLANATION 
ATA — Manual Answer 
wait for a carrier. (1) 
ATC 0 Transmitter Off 
1 Transmitter On 
modem. 
ATD P* Use Pulse Dialling 
q Use Tone Dialling (Not supported in current version). 
ATE 0 No Echo Don’t display commands on the screen. 
a Echo Display commands on the screen. 
ATF 0 Half Duplex 
to the remote computer. 
. Full Duplex 
| occurs in the On-line mode. 
ATH 0* On Hook 
— can dial. 
1 Off Hook 
not often used. 
ATI o a= Display the Version Number of the software. 
ATL — — . 
ble changes to the current setting. 
ATM 0 Speaker Off Can’t monitor the dialling sequence. 
i Speaker On Temp 
2 Speaker On Leave the speaker on all the time. 
ATO — On-line 
(3) 
ATQ 9° Modem Response Echo modem responses to host computer. (4) 
1 No Modem Response 
computer. 
ATSr=n — Registers 
. available to users. (5) 
ATV 0 Digit Responses 
5 Message Response 
| computer. 
ATW 0* Normal Operation 
| (7) : 
1 Enable Auto-turn Auto turn-around feature enabled. 
2 Toggle V.23 Toggle between 1200/75 and 75/1200. 
ATX 0* Basic Responses Use the standard (abbreviated) response set. 
1 Extended Responses Use the extended response set. 
ATZ ~ System Reset 
else fails — bail out” procedure. 
AT, — Pause Insert a Pause in a command. (8) 
+++ -- COMMAND Mode 
LINE mode. 
A/ ai, aa 





NOTES: 


All commands so marked are the default settings 
On power-up or on RESET (either hardware or 
software). 


. When this command is invoked, the action taken 


depends upon the current menu selection. If the 
current selection is an ORIGINATE selection, the 
modem will immediately go off-hook and await a 
carrier. If the current selection is an ANSWER 
selection, the modem will immediately pick-up the 
phone and send a carrier. Monitoring of the DTR 


Repeat the last command line — may also be ab- 
breviated to ‘/’ by itself. 


line for default to Auto-answer mode has not yet 
been implemented, due to no requests from users. 
If anyone is interested in seeing this feature includ- 
ed, please let us know. 


. The default setting for this command is automati- 


cally selected on power-up. If the user wishes to 


have the speaker remain on-line after a carrier is — 


detected, the command ATM2 should be entered 
prior to the dial (ATD) command, or on the com- 
pletion of the telephone number, immediately pri- 
or to pressing <RETURN>. 


3. The ON-LINE mode is used to permit the host and 


remote users to type information on their key- 
boards and have that information appear on their 
respective screens. This means that the users are 
conducting a two-way typographical conversation. 
It is not possible to issue commands in the ON- 
LINE mode. To return to the COMMAND line, it 


‘is necessary to wait one second after the last 


character has been typed, type three ‘+’ signs, 
wait another second and then press <RETURN>. 
This will produce the standard response ‘OK’, in- 
dicating that the user has returned to the com- 
mand mode. 


. The default setting for this mode allows for any 


messages from the modem to be displayed on the 
host computer. If this feature is turned off, no mes- 
sages wil be sent. Several of these commands 
(ATQ, ATV and ATX) have an interactive effect. It 
should be fairly self-evident that if the zero 
parameters for either ATQ or ATV are selected, 
any parameter set for ATX will be irrelevant. 


‘r’ indicates the register number (0O->16) to be in- 
terrogated/modified and ‘s’ indicates the value 
(0->255) to be placed in the register. The three 
status registers which may be of use are 0, 4 and 
10. Their use will be described at the end of the 
notes. These are the only registers that users 
should attempt to modify. 


. Itis normal to select message responses from the 


modem. If you find that you don’t get an ‘AT ER- 
ROR’ message or the ‘OK’ message, but receive 
a number instead, then you should reset the ATV 
Setting to 1. 


. This new feature has been added to allow the user 


to obtain maximum benefit from 1200 bps trans- 
mission. With a setting of 0, the V.23 mode is treat- 
ed as per normal and any drop out or loss of the 
carrier will result in auto-disconnection, depend- 
ing upon the value selected for Register 10. With 
the parameter set to 1, the modem will enable the 
auto turn-around feature. In mode, the loss of a 
normal V.23 carrier will cause the modem to wait 
up to 30 seconds for a reversed V.23 carrier. When 
the reversed carrier is detected, data connection 
will be re-established and the ‘CONNECT’ mes- 
sage will be sent to the host computer. Data trans- 
fer cannot recommence until the ‘CONNECT’ 
message is received. Under normal circum- 
stances, the switching of the V.23 signal will oc- 
cur within one and a half seconds. If a key is 
pressed within this waiting period, the modem will 
abort the auto turn-around and return to COM- 
MAND mode. With the parameter set to 2, the V.23 
line is toggled between 1200/75 and 75/1200. That 
is, if the modem is currently communicating at 
1200/75, the modem will switch to 75/1200 and re- 
main in the data transfer mode, or vice versa. This 
effectively enables users to communicate over tel- 
ephone lines at 1200 bps in both directions. 


. A pause may be necessary in the dialling se- 


quence to allow time for exchanges using cross- 
bar switching mechanisms to activate, or to allow 
an outside line to be locked in from an internal 
PABX switchboard. As many commas as neces- 
sary to obtain the desired length of pause may be 
inserted into the dialling sequence. Each comma 
generates a pause of about one half second. 


a non-zero value. When a non-zero value is set, the modem will 
wait for and then answer an incoming data call. This mode is 


activated immediately upon changing Register 0. In this mode, 


the modem will only respond to the ‘AT’ command or an in- 
coming call. The ‘AT ERROR’ message is disabled. If you ena- 
dle Auto Answer mode, the keyboard of your computer will 
appear to be inactive, except in response to an ‘AT’ command, 
or until an incoming call is detected by the modem. If the mod- 
2m receives an incoming call, but does not detect a carrier, or, 
if data connection is established and the call is terminated,the 
modem will stay in Auto Answer mode until Register 0 is either 
reset to 0, or the modem is hardware reset. 

When a call is received by the modem in Auto Answer mode, 
the modem will automatically adjust its receiving bps rate to 


match the transmission speed of the transmitting modem. This 
feature is known as Auto Ranging (or Auto Baud Rate Sense). 
Auto Ranging will not affect the communication rate between 
the Supermodem and the host terminal/computer/communica- 
tions package — it only operates on the external Telecom line. 
Selection of this option requires great care and consideration 
on your part. If your terminal/computer is communicating with 
the Supermodem at 300 bps and the Supermodem is in the Auto 
Answer mode (as selected above), and an incoming call is 


‘received at 1200 bps, then your terminal/computer will only 


receive every third character. 

That’s all I can fit in for this issue, more next month. Please 
don’t forget to send those requests to me at “Dial-up”, AEM 
PO Box 289, Wahroonga 2076. & 
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SPECTRUM 
Improved radio link for 


NSW emergencies 


A new radio communications network, established by the 
Bush Fire Council of NSW, could bring a significant im- 
provement to the control of future emergencies. 


Mr George Paciullo, Minister 
for Police and Emergency Serv- 
ices, in inaugurating the new 
network at Picton in August 


said, ‘‘It is one of the most im-. 


portant moves to facilitate great- 
er co-operation and 
co-ordination between emer- 
gency services made in recent 
years. 

“Operating on newly deve- 
loped Philips equipment, the 
UHF radio network will enable 
greater efficiency when emer- 
gency services combine for 
operations, for example during 
bush fires which cost the com- 
munity $46 million in a typical 
summer.” 

Installed at Mount Gibraltar, 
near Bowral, the Philips equip- 
ment consists of an FM815 talk- 
through repeater. Five bushfire 
control centres, with Philips 
FM92 desk-top trigger base ra- 
dio systems, use the Mount 
Gibraltar repeater for talk- 
through operation between each 
other. 

This link-up is the first of 
what is to be a series of systems 
throughout the state. Called 


‘strategic radio networks’, they — 


will form an information ex- 
change between senior emer- 
gency service personnel. 
While the network of repeat- 
ers will be used by the Bush Fire 
Brigade organisation, the Bush 
Fire Council said other emer- 
gency organisations would be 
welcome to join the network. 





a 


Mr Paciullo NSW Minister for Police and Emergency 


These would include land 
management agencies such as 
the National Parks and Wildlife 
Service and Forestry Commis- 
sion and the other emergency 
services — police and am- 
bulance — and also the army. 

“Strategic radio networks will 
solve the vexing problem of 
inter-service communication 
when emergency services com- 


-bine during major bushfire 


fighting operations,” said Mr 
Koperberg NSW Bush Fire 
Council Chairman. ‘‘With stra- 
tegic radio networks operation- 
al throughout NSW, greater 
co-ordination of emergency 
services and their resources will 
be possible.” 

Gary Ghent, group general 
manager of Philips Communica- 
tion Systems, stated ‘‘The 
FM900 series of Australian- 
developed radios, to which the 
FM92 base equipment belongs, 
is probably the most widely 
used by. emergency services 
throughout Australia and is 
even used by the police force in 
London”, he added. “It has also 
won the Australian Design 
Award for both it’s electronic 
and functional design.”’ 

Philips Communication Sys- 
tems radio communications 
manufacturing centre at Clay- 
ton Victoria is the major 
producer of radio communica- 
tion equipment in Australia and 
maintains a valuable export 
market. 





Services, inaugurated the new repeater facilities. 





Active antenna 
matcher for SWLs 


M: short Wave Listeners 
are faced with the prob- 
lem of not being able to physi- 
cally accommodate an antenna 
for each band they are interest- 
ed in listening to. Alternatively 
it is difficult to obtain a suitable 
broadband antenna which per- 
forms adequately. 

MF] has solved the problem 
by building the MFJ-959 Active 
Antenna Matcher. With it, they 
claim, an SWL can now use a 
single random length of wire, 
which may be of any length that 


TUNER ATT | TUNER 





Car HOUCTOR 





New 10-500 MH 
digital attenuato: 


10-500 MHz, six-st 

digital attenuator | 
been announced by Alpha 
dustries’ Microelectronics — 
vision. 

The unit features 1 ys swit 
ing speed, six-line control a 
TTL compatibility. It is suppl 
in a hermetic enclosure. 

The Insertion Loss is 4.5 
typical, operating at +5 Ve 
175 mA max. 

Alpha Industries is a ma 
manufacturer of materia 
devices, components and s1 
systems used in microwave % 
plications for the defen 
electronics, commerc 
telecommunications and otk 
commercial markets; represe 
ed in Australia by Benm 
International Pty Ltd, GPO B 
4048, Sydney 2001 NSW. 


RECEIVER ANTENNA 


MODEL MFJ-989 





best suits his real estate, and still 
obtain ‘dipole-plus’ perfor- 
mance over all shortwave 


bands. 


The importers, GFS, say users 
have reported up to seven S- 
points improvement over using 
just wire on its own. 


The MFJ-959 can provide this 
performance because it électri- 
cally matches the antenna to 50 
ohms, at the frequency of oper- 
ation, then introduces 20 dB of 
gain at 50 ohms to the receiver. 

Other facilities on the 
MF]J-959 are twin coax switches 
designed to allow the users to 
select between two different an- 
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You’re good at 
your jok 


HARD 
BUPY, 


(02) 264 8166 


tennas. It also incorporates 
additional front panel co 
switch which allows the 959 
be bypassed completely, t 
tuner or matcher section only 
be used, the matcher used w 
the preamp and, if necessary, 
dB of attenuation to be inserte 
Power requirements of t 
MFJ-959 are 9-18 volts. All ing 
and output connectors are re 
panel mounted and duplicat 
in both SO-239s and RCA typ. 


If you would like more infc 
mation, contact GFS Elc 
tronics, 17 McKeon Roa 
Mitcham, 3132 Vic. (0 
8733777. & 






— don’t get bogge 


down producing 
documentation. 
We'll do it. 








aem star project 





Amateurs, CBers — build this 





2F field strength meter 


ick Smith Electronics 
»xchnical Products Division 


in RF field strength meter is one of the handiest test 
\struments any radio amateur, CBer or communications 
ervice technician could have on-hand. They're 
idispensible for checking transmitter-feedline-antenna 
ystems, especially mobile and marine installations. This little 
init performs across the range 3 MHz to 1OOO Mkz (1 GHz) 
ind is sensitive enough to indicate the field intensity from a 
44 MHz 1 W handheld transceiver at around 100 metres 


listant. 


‘HE FINAL CHECK for any transmitter installation is RF 
‘eld strength. A means of measuring field strength, or ‘rela- 
ve’ field strength, is pretty well essential when making ad- 
istments or alterations to a transmitter installation which 
ivolves varying any part of the transmitter-feedline-antenna 
ystem. After all, you want to know whether you’re making 
n improvement or going backwards! 

To provide the widest possible application, this project had 
) cover a very broad frequency range, virtually from the 
-3 MHz marine band, right through to the 477 MHz UHF 
‘B band, or beyond. For simplicity, this meant an untuned 
r ‘aperiodic’ design. Now, RF field strength meters are 
enerally little more than a crystal set under a different guise, 
aving a sensitive dc current meter (usually a micro-ammeter) 
n the output rather than headphones. If it employs a tuned 
ircuit, the Q of the LC circuit provides a measure of vol- 
ige amplification. But we don’t have that benefit without 
ined circuits, and the unit’s sensitivity suffers according- 
7. However, with the addition of a simple dc amplifier, one 
an gain all the sensitivity required. 

A telescopic whip antenna, of the type you commonly see 
n protable transistor radios and “ghetto blasters,’”’ provides 
ie pickup antenna. The detector is quite straightforward, 
mploying a sensitive germanium diode. The detector’s dc 
utput passes to the non-inverting input of an op-amp used 
ere to provide the dc amplification. An RF shield separates 
1e Circuit sections, the detector output passing to the dc am- 
lifier via a feedthrough capacitor which effectively prevents 
F ‘leaking’ between the sections via this connection. RF 
»akage into the op-amp may upset the op-amp’s performance, 
articularly at the lower frequencies. 

Variable sensitivity is arranged by providing variable dc 
egative feedback around the op-amp. The gain can be varied 
‘om unity (‘1’) to 100. The op-amp’s output drives a large 
ice (65 mm) 200 vA meter which is easily seen from a dis- 





ST RE ME 154 


RELATIVE FiEs © 


A view of the completed prototype. 


tance of around five meters or more (depending on age and 
eyesight!). Some meter overscale protection is provided by 
resistors R4 and R5, and diode D3, which together limit the 
maximum current that can be supplied to the meter. The op- 
amp is powered from a 9 Vdc transistor radio battery. 

Actual frequency response will depend very much on the 
telescoped length of the antenna, but the unit works well 
across the range 3 MHz to around 1000 MHz. At the upper 
end of the range, sensitivity will depend on whether the an- 
tenna is set close to a half wavelength or a quarter 
wavelength. The former will generally provide better sensi- 
tivity. 

Apart from the applications already mentioned, the project 
has applications such as a ‘bug’ detector, an RF cable leak- 
age detector and for checking antenna radiation patterns (par- 
ticularly mobile and marine antenna installations). > 
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CIRCUIT DESCRIPTION 


Passing RF energy induces current in the antenna which is ex- 
pressed as a voltage across R1. The PF is rectified by D1, the out- 
put being ‘smoothed’ by R2/C1, although the time constant here 
will not ‘strip-off’ amplitude modulation. The feedthrough bypass 
capacitor, C2, has a role to play, particularly at the higher frequen- 
cies. The detector section is shielded from the dc amplifier sec- 
tion to prevent RF energy, particularly at the lower frequencies, 
possibly getting into the op-amp input, upsetting its operation. 

The de amplifier is provided by one op-amp from an LM324 quad 
op-amp package. This op-amp requires only a single supply rail 
and the input can ‘work around’ ground, or 0 V. RV1 varies the 
gain of the op-amp, and thus the unit’s sensitivity. Maximum gain 
is x 100. 

The op-amp output drives a 200 nA meter via the resistor-diode 
network, R4. R5, D3. The diode effectively ‘‘clamps”’ the maximum 
voltage applied to the meter to about 0.7 V, while R4 limits the op- 
amp’s output current and R65 limits the meter’s maximum coil cur- 
rent. This prevents inadvertent ‘‘slamming’”’ of the meter needle | 
with an unexpectedly strong signal. 

Diode D2 provides for reverse supply polarity protection. Capa- 
citor C3 bypasses the op-amp’s supply pins. 


Construction 

The project is very simple to construct. It is built on a small 
pc board that mounts directly on the meter terminals. Only 
the sensitivity pot and the power switch are off-board. The 
telescopic antenna mounts via a small right angle bracket 
which bolts to the board. The case for the unit provides some 
support for the antenna, which passes through a grommet- 
ed hole in the case top. 

Before commencing, check the pc board to see that all holes 
are drilled and of the right diameter. The RF shield, a length 
of single-sided pc board about 12-13 mm wide, should be as- 
sembled to the board first. First solder the feedthrough capa- 
citor in place. Then solder three ‘pc pins’ in place on the 
board as indicated on the component overlay. Lastly, solder 
the shield to the pc pins. 


The circuit is simplicity itself. 
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Now all the small components can be soldered in place o1 
the board. Take note of the polarity of the three diodes, th: 
tantalum capacitor and the IC. When soldering the resistor 
on board, note that R5 ‘stands up’ on one end. Bolt the righ 
angle bracket for the antenna foot in place. Solder suitabl 
lengths of hookup wire to the appropriate places on the boar« 
for later wiring up of SW1, the battery and the sensitivit 
pot. Now check it all thoroughly. Correct any errors befor 
proceeding. | 

A Scotchcal meter scale is supplied with the project, anc 
this may now be fitted in place. Take care to position it ac 
curately. A Scotchcal front panel label is also supplied. At 
tach this to the box. Scotchcal is most easily positioned whe 
you first soak the Scotchcal itself and wet the panel befor: 
applying it. This allows the label to be readily slid arounc 
the surface for accurate placement. 

Screw the completed pc board to the terminals on the rea 
of the meter. Note that the RF side of the board (where th: 
antenna attaches) goes uppermost (faces the same way as thi 
‘top’ of the meter scale). 

The Horwood box supplied has two ‘ends’. Remove these 
Mount the sensitivity pot and on/off switch, taking care no 
to damage the Scotchcal label. Bolt the battery holder ii 
place. Put the rubber grommet in place in the hole in the ‘top 
of the box. Now mount the meter, followed by the telescor 
ic whip antenna. 

Finally, wire-up the flying leads to the pot, on/off switc. 
and battery holder. You’re ready to go! 


Firing up! 

Try it out with a signal generator and a short length of wire 
You'll likely need quite close coupling between the two. Firs 
set the unit’s sensitivity pot to minimum and wind up th 
generator output. Adjust the sensitivity for a reading. If yo: 
get little or no sense out of it, go searching for an un-mad 
connection, or wrongly oriented diode, before seeking othe 
faults. 

If or when the unit behaves sensibly, try using it with 

‘real’ transmitter installation. A little experimentation wi 
soon familiarise you with using the project to best advantage 
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Component overlay and wiring diagram. 


3xPC PINS 


Tv - 1/2” HIGH PIECE 
OF S/S PC BOARD 
SOLDERED TO PC PINS 
FOR RF SHIELD 





TO BATTERY 
HOLDER 


— from page 114 
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The numbers in brackets are the number of sheets in each article. 
A dash (-) indicates that the article is on the same sheet as the item 
above. 

If Users wish to obtain copies of the articles referred to in this 
bibliography they may — 

i) contact me for copies...or... 
ii) buy back copies of the magazine from the distributor...or... 
iii) borrow from your local library. 


Compiled by — 
Bob Kitch, 7 Eurella St., KENMORE, QLD 4069. Ph. (07) 378 3745 


PLEASE ADVISE OF ANY ADDITIONAL ARTICLES ...or... 
CHANGES, ALTERATIONS OR BUGS IN LISTINGS to assist other 
users. 


METER 
TERMINAL | 
SCREW 


PARTS LIST 
RF FIELD STRENGTH METER 


Semiconductors 


10n disc ceramic 
in feedthru’ 
1u/16 V tant. 


Miscellaneous 
200 uA, 65 mm 
scale meter 


SPDT toggle 
switch (S-1173) 


ZA1662 pc board; Horwood 
aluminium instrument case 
100 x 152 x 77 mm; telescopic 
antenna, cat. no. L4902; right an- 
gle bracket, cat. no. H1895; rub- 
ber grommet, cat. no. H1719; 
battery holder for No. 216 bat- 
tery; Scotchcal front panel; knob; 
meter face plate; two 3 x 6mm 
CSK bolts with nuts and flat 
washers; one 4 x 12 mm round- 
head bolt with two nuts and lock 
washers; one 3 x 6 mm bolt with 
flat washer to suit base of teles- 
copic antenna; solder, hookup 
wire. 


Kit Price: $49 
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Australian 
Maritime College 


ASSOCIATE DIPLOMA 
IN MARITIME 
ELECTRONICS 


ASSOCIATE DIPLOMA 
INMARINE = 
RADIOCOMMUNICATION 


Switch on to an interesting and 
challenging career. Successful 
graduates of the Associate Diploma 
courses qualify for a wide range of 
positions in the public and private 
Sector — as engineering assistants, 
technical officers, design draftsmen 
and technicians, or as radio officers. 
Opportunities exist with several 
Government departments and with 
private industry in the marine 
aoa and communications 
elds. 


Entry Requirements: usc or 
equivalent level passes in math- 
ematics, a science subject and 
English. 


Course Duration: Two years 
full time. 


There are no tuition fees for 
Australian residents. The courses are 
approved under TEAS. Both diplomas 
are recognised by the Australian 
Public Service Board and the 
Australian Institute of Engineering 
Associates. 


Please send me more information on: 
O Associate Diploma in Maritim 
Electronics | 
LO Associate Diploma in Marine 

Radiocommunication 


Natty 4 a 
Address i Fo ee 


Send to: The Admissions Officer, 
Australian Maritime 
College, 
PO Box 986, 
Launceston, TAS. 7250. 
Toll free telephone: 
(008) 030277 


NJ7622 





Personal opinion 


Heads in a cloud 
over high-tech 


Russell Kelly 


Vicom, Communications engineers, Melbourne 


GOVERNMENTS at both State and Fed- 
eral levels have their heads in a cloud 
over hi-tech industries. The fact is that 
Barry Jones and his Department are pre- 
occupied, even mesmerised, with the 
software industry. They seem to regard 
it as the panacea for all Australia’s ex- 
port ills. © | 

What they don’t seem to recognise is 
the important role that can be played by 
the electronics industry and other 


middle- to high-technology industries. — 


My own company is experiencing a 
growth rate of 50 per cent a year. I ex- 
pect current annual sales of $6 million 
to reach $10 million by next year and 
more than $20 million by 1990. That’s 
worth considering! 

A gross mistake is being made that 
could have serious repercussions on 
Australia’s capacity to compete effec- 
tively in export markets. Let’s face it, an 


_ eight-year-old kid could develop a lot of 


the software that’s being bandied about 
as hi-tech. — | 

What Governments have to do is to 
look at what is really exportable and so- 
called hi-tech, with it fetish for second 
board listings and attendant high risk, 
is not really where the action is. 

Vicom is a leading supplier of elec- 
tronics for communications systems and 
is currently involved in intensive 
research and development work to cater 
for a worldwide market. We are already 
producing state-of-the-art electronics for 
communications systems and I predict 
that Vicom alone, within five years, will 
generate export earnings in excess of 
$20 million. These are figures that can- 
not and should not be ignored by 
governments. 

The apathy of governments is further 
reflected in the lack of planning in the 
education of young engineers to work in 
the industry. 

As an example, when we asked for an 
appraisal of the work of a young Vicom 
apprentice from his school we found 
that it was devoting a whole unit to 
valves. Valves haven’t been around for 
twenty years! 


There are important things that they 
should be teaching but aren’t and it’s left 
to us. 

But one of the really big problems is 
that the schools will not go out and talk 
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to the industry. The last time we tried 
to encourage dialogue we were told to 
mind our own business. Similarly, 
universities are only concerned with 
theory and research. In a practical 
sense, they are a dead loss. Only a few 
institutions — Colleges of Advanced 
Education, particularly Canberra, with 
its new communications Engineering 
course, and Swinburne and Footscray in 
Melbourne — are producing graduates 
in tune with the industry. But they can- 
not hope to provide nearly enough to 
meet the requirements. 

The industry has made semi-formal 
approaches to various educational insti- 
tutions but the results were so disap- 
pointing that we’ve pretty well given up. 

Put simply, the educational situation 
is so bad that we have had to import en- 
gineers to satisfy contracts. 

The end result of this lack of proper 
education standards and manpower 
planning and government inaction is 
that we are looking very seriously at set- 
ting up our major manufacturing and 
research and development base in the 
United States. Not only have the US got 
the human resources but just as impor- 
tantly they have the mental environ- 
ment, the excitement and enthusiasm to 
get things done. 

It’s a shame, but it is clear that govern- 
ments and the system in Australia are 
letting the communications engineering 
industry down. I regard it as the role and 
responsibility of government to provide 
not only properly educated people but 
also the necessary mental environment 
in which they know they are achieving. 
What we don’t need is paying lip serv- 
ice to technology. . 

Hi-tech is the buzz word, but there’s 


‘alot more to the issue than that. And the 


sooner it’s recognised the better. 





aem project 8501 





Component overlay. The board is fairly dense and care 


— from page 88 
components. 

Once the check has been completed, you can begin load- 
ing the pc board by positioning the resistors, small capaci- 
tors and links. Be aware that the tantalum capacitors are 
polarised components and as such need to be oriented ap- 
propriately so as to avoid damage. The best and simplest 
method to create links is by using the offcuts of the resistor 
leads. Remember, however, that the positioning of the link 
directly above components D8 and R8, shown on the accom- 
panying component overlay, will determine an option provid- 
ed in the design. 

By positioning the link as shown in the overlay, the alarm 
will reset itself in the event of triggering after the preset time 
has elapsed. With the link in this position the alarm will au- 
tomatically reset to its original condition. However, as dis- 
cussed above, the light will remain constantly on so as to 
indicate the attempted theft. This means that if the situation 
which caused the triggering still exists, the alarm will detect 
this and trigger once again. The net result is that the alarm 
will be heard to sound continuously until such time that the 
triggering condition is removed. 

The option chosen by positioning the link shown on thie 
overlay by a dotted line is that of ‘automatic disarm’. If the 
alarm has been triggered and the preset time has elapsed, 
the alarm will completely disarm itself but will leave the light 
constantly on again to indicate triggering. The obvious dis- 
advantage to this option is that your vehicle is left vulnera- 
ble to any further attempts. The advantage, however, is that 
the horn will cease and therefore the battery (and those wi- 
thin earshot!) will not suffer unnecesarily. 

The next group of components to be positioned should be 
the diodes and transistors. They need to be oriented accord- 
ing to their polarity. Be especially careful not to interchange 
the BC639 transistors with the BC558 or BC548 transistors. 
This is important because the BC558s are PNP types while 
the BC548s are NPN devices with the same pinout, and the 
BC639 has an altogether different pinout. The remaining 
components in this section are the zener diodes and the 
LM394 ‘super-matched pair’. This device is a highly matched 
pair of transistors in the same package, which ensures the 
best thermal tracking. By following the component overlay 
you will ensure the correct positioning of these components, 
thus avoiding unnecesary problems or possible damage. 

Finally, the ICs, electrolytic capacitors and relays can be 





needs to be exercised during assembly of the 


Semiconductors 
IC1-IC3 


2u2/10 V tant. 

220n poly. (MKT) 

22u/16 V RB electro. 

47/16 V RB electro. 

22u/16 V RB electro. 

10y/10 V tant. 

417/16 V RB electro. 

100n poly.(MKT) 

C10... 470u/16 V RB electro. 


All 1/4W, 5% 
unless noted 


Miscellaneous 


RL1, RL2.... 12 V relay with 
5 A contacts, 


e.g: DSE S-7125. 


SW1 . illuminated pushbutton, 
e.g: DSE S-1520. 


keyswitch. 


AEM8501 pc board; 15-way 
terminal strip; Aluminium 
diecast box 150 x 50 x 80 mm 
(e.g: DSE H-2206, or similar); 
nuts, bolts, solder, epoxy or seal- 
ing compound, hookup wire. 


Expected cost: $75-$85 


soldered into position. The electrolytic capacitors are 
polarised and therefore need to be positioned accordingly. 
The six ICs need to be positioned with their first pin aligned 
as shown in the overlay. The final components to be posi- 
tioned are the relays. It is a good idea to leave these until 


last as their physical size would hamper the placement of 


smaller components which may place unnecessary stress on 


their leads. > 
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ALARM DISABLE KEYSWITCH 
MOUNTED ON DASH. 


1k RESISTOR 


SET SWITCH MOUNTED 
ON DASH. 


q. 


ALARM 


INDICATOR (Af 
MEIN =X) 


SET SWITCH. 


VEHICLE IGNITION 


USE CONTACT ON 
REAR OF IGNITION SWITCH 
WHICH IS TAKEN HIGH 
WHEN IGNITION IS ON. 


VEHICLE 
CHASSIS 








BATTERY EARTH STRAP 
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TO LOW VOLTAGE 
DISTRIBUTOR CONTACTS 


TO HORN SWITCH 
CONTACTS 


TO VEHICLE 
CHASSIS. 


VEHICLE BATTERY. 


Wiring diagram. 


At this point I would like to mention the automatic igni- 
tion killer option. If you decide you do not wish to use this 
option there is no need to include R25, R26, R27, Q4, Q5, 
D12, and RL2. The rest of the alarm’s operaton will not be 
affected. 

Finally, the pc board should be complete. with the excep- 
tion of the wiring which can be simply achieved by solder- 
ing lengths of wire to the points indicated by the overlay. 
These wires need only be long enough to wire to screw ter- 
minal blocks mounted on the outside of the box. 

You should now do a final check of the board to ensure 
that all of the components have been oriented correctly and 
inspect the solder side for any solder bridges. 

When mounting this board into a box, we recommend the 
use of an aluminium type as detailed in the parts list else- 
where in this article. A metal box is preferable for this ap- 
plication since it will assist in shielding the CMOS ICs to 
decrease the possibilty of false triggering. Mount the eight- 
way terminal strip on the side of the box closest to that side 
of the pc board which has eight output pads. Mount the 
seven-way terminal strip on the other side. 

The project should now be ready for mounting into the dash 
of your vehicle. Before doing this it is advisable to wire it 
up and test the alarm as a fully operational unit. Set the sen- 
sitivity preset on the pc board until the alarm triggers to your 
satisfaction, as described in the Set Up section later in the 
article. 


If.all is well, it can be mounted under the dash of the vehi- 
cle. This should be located in a position that is inconspicious 
and difficult to reach. The light and the keyswitch can be 


situated anywhere convenient within the car. The light 


should be easily visible from the outside of the vehicle to act 
as a deterrent. However, it is advisable to mount the 
keyswitch somewhere not so obvious from the outside so as 
to avoid an attempt at ‘hot-wiring’ the alarm. As discussed 
earlier, an attempt of this nature would be futile due to the 
safety feature designed into the project. 

To accommodate this feature the switch must be modified 
slightly to include a resistor to provide the ‘correct’ im- 
pedance for the alarm circuitry. To do this, simply solder a 
1k resistor to one terminal of the switch. The connections 
to the pc board are made by wiring to the free end of this 
resistor and to the other terminal of the switch. Once it has 
been wired, the back of the key-switch should be fully en- 
closed, incorporating the resistor, by some kind of epoxy or 
sealant to ensure inaccessability to the wiring of the switch. 
This leaves only the wiring after the resistor accessible which, 
when shorted, has no effect on the operation of the alarm. 
To hot-wire the alarm, the thief must first remove the pro- 


_ tective epoxy or sealant, by which time the alarm will have 


sounded. 

The wiring should be carried out as per the accompany- 
ing wiring diagram. Be careful to ensure that the box is 
mounted securely and that all of the wiring has good, strong 
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electrical and physical connections. Take care to run the 
wires to the battery strap and ignition circuitry along with 
the vehicle wiring loom, to avoid possible damage or tam- 
pering. 


Setting up and using 
the alarm 


The only set up procedure necessary is to adjust the sensi- 
tivity preset, RV1. This is reasonably simple. Place your mul- 
timeter across the entry delay capacitor, C6. Without any 
current being drawn from the battery (other than by the 8501), 
adjust the preset until C6 won’t charge and take note of the 
setting of the preset. Opening the door should now trigger 
the alarm. If not, check the preset adjustment and the wir- 
ing to the earth strap. Whilst the door is open, and hence the 
courtesy light on, turn the preset until the alarm just fails 
to trigger and take note of this position on the preset. The 
ideal setting will be with the preset wiper centred between 
these two positions. If, after setting the preset, you discover 
that the alarm is triggered by the car radio or other appli- 





ance, simply reduce the sensitivity by adjusting the preset 
towards the latter of the two positions. 

Using the AEM8501 is simplicity itself. You’ve parked your 
motor vehicle for the evening, but are somewhat disturbed 
regarding its safety. To arm the alarm you simply push the 
arming button which also doubles as the indicator light. This 
light will now turn on constantly, indicating that you have 
approximately 30 seconds to exit the vehicle and ensure all 
doors are closed. At the end of the thirty seconds, the light 
will begin to flash indicating that the alarm is now armed, 
and any current being drawn from the battery will trigger 
it. To enter the vehicle after returning, you have another 
thirty secounds in which to disarm the alarm. As soon as the 
door has been opened and the courtesy light is switched on, 
the alarm will be triggered and the alarm light will remain 
on constantly, indicating that the horn is about to sound. At 
the instant of opening the door, the automatic ignition killer 
cuts in until the alarm is disarmed. Entry and exit delays are 
set by varying the values of certain components. These com- 
ponents and how to vary the times are explained in the Cir- 
cuit Operation. & 
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— from page 96 


the house mains. This renders the wiring safe. DO NOT AT- 
TEMPT TO MAKE ANY CONNECTIONS OR ADJUST OR 
TOUCH ANY PART OF THE CIRCUIT WITH POWER 
APPLIED. 

Once the power is off, connect the board according to the 
appropriate circuit selected from the figures. Wrap or mount 
the board as appropriate to prevent short circuits between 
any metal of connection blocks, and refit the enclosure. 
Return power and verify that the circuit is working. 

If for any reason operation is not satisfactory after instal- 
lation, refer to the next section on troubleshooting and fol- 
low the directions there. | | 


Troubleshooting 


Because the circuit is directly connected to the mains, all 
forms of measurement and troubleshooting are difficult and 
potentially hazardous. This section describes the methods 
I used. I stress that if you are inexperienced, you should not 
undertake any measurements at all. Experienced people 
should read the procedures outlined here carefully, and be 
sure to understand the precautions before actually using 
them. A careless mistake can cause lethal shock or burn 
injury. * | 

The logic for troubleshooting this circuit is presented at 
the end of this section. However, I shall first describe how 
to make ordinary (scalar) measurements with a multimeter, 
both ac and dc, and then how to attach a CRO to the circuit. 

The circuit should be placed on a plastic or wooden bench. 
My favoured method for working on live circuits is to have 
a piece of wood about 40 cm square, and to tether the cir- 
cuit to this, along with a mains cable and whatever other com- 
ponents that are required. Self-tapping screws which are 
shorter than the wood is thick can be placed wherever neces- 
sary to tie down PC boards, cables, etc. Once attached to the 
bench or baseplate, connect (physically and electrically) a 
mains cable and a sample globe. The globe can be a simple 
75 W bayonet type. Wires can be soldered to the base of the 
globe to make contact, dispensing with the need for a bayo- 
net or other fitting. 

Select a battery-powered DVM or plain analogue mul- 
timeter. If you must use a mains-powered meter, ensure that 
it has the capability to work with common-mode voltages of 
at least 400 V with respect to earth. Turn off the circuit, and 
unplug it. Attach the meter leads to the points between which 
you wish to measure the circuit voltage. Then, without touch- 
ing circuit or meter, turn on the power and read the voltage. 
If the meter needs to have any controls adjusted, it is wiser 
to turn off the power to do this. Do not trust mains power 
point switches. Some isolate only one connection, and if they 
have been accidentally mis-wired, the neutral rather than the 
active connection may have been broken, with the result that 
appliances turn off, but their circuitry remains connected 
to the active power line. 

As most CROs have their chassis tied securely to earth, us- 
ing them on the circuit can be a delicate operation. The fol- 
lowing procedure should be undertaken only if absolutely 
necessary, though it is quite informative about both the cir- 
cuit operation and the mains supply. 

Firstly, set the CRO to a range of at least 50 V/division. With 
the same procedure as used above — complete shutdown ef- 
fected before altering either CRO setting or probe connec- 
tion — place the probe on both the active and neutral lines 
of the incoming mains in turn and note which is which, and 
what the signal levels are on each. You will probably find 
that the mains neutral is not exactly at earth potential, but 
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has several volts peak-to-peak of a distorted sinewave 01 it. 
Since we wish to make measurements with respect to this 
neutral connection (which is local earth for the control cir- 
cuit of the 5506) a method of cancelling it must be used. 
Either the CRO sum/invert facility can be used, or the CRO 
earth can be tied to the neutral. The latter makes measure- 
ments easier, and does not tie up the second channel, but 
may present problems. The neutral signal is the voltage 
dropped across the return wires in the building between 
wherever you are and the ground link in the distribution box 
or fuse box. Consequently, it will have small level, but a very 
low impedance. Connecting the CRO earth to the neutral lead 
of the 5506 supply eliminated most of the common-mode sig- 
nal in my laboratory, but about two amps of current flowed 
in the CRO probe earth return lead, warming it up consider- 
ably! This was a satisfactory situation and the one we used. 
Once the neutral signal has been cancelled, the voltages in 
the circuit can be measured just as above with the multimeter. 
In order to track down a fault, follow the logic set out be- 
low. The unit must exhibit one of three fault conditions: 
1) The lights come on at once to full power; 2) The lights re- 
main off; and, 3) they come up partially and then flicker or 
otherwise fail to reach full illumination. Select either the first, 
second or third paragraph below depending upon which fault 
condition is exhibited. Most faults will be locatable using a 
multimeter and a shorting link, placed across various points 
in the circuit. Be sure to disconnect power between each test! 


1) The first step is to determine if the fault is in the triac cir- 
cuit or the control circuit. Solder a wire shorting out pins 
1 and 2 of IC1, and re-try. If the lights still turn on, the fault 
is in the triac circuit. Check orientation of the triac, the values 
of R1 and R2, etc. Removing R2 will stop the lights if IC1 
is at fault, otherwise the triac may have failed. If the lights 
no longer come on with the shorting link in place, the fault 
is most likely to be in the fast ramp reset circuit. If shorting 
out C4 instead of IC1 gives lights out, the fault will lie be- 
tween LED2 and R11, probably in Q4-6. If the C4 link has 
no effect, look at the dc voltage on LED1. If this is below 1.4 
volts or above 1.8 volts, the fault is in the vicinity of 
R6/R7/LED1, or in the supply. Check that 12 +1 V is present 
on C2. If not, the fault is in the supply — C1 to ZD1. If the 
LED voltage is in the above limits, check C3-D3. 


2) Lights-off condition. Short pins 4 & 6 of IC1. If this does 
not get light at the next powerup, the fault is in the triac cir- 
cuit, R1, R2 and the triac. Otherwise check the supply is 12 
+1 V, and if not, suspect R3 through ZD1. When the supply 
is checked, short Q2c to neutral. If this does not get light, 
IC1/R12 are suspect. Otherwise check that the dc on C4 ex- 
ceeds 6 V, and if not, the fault will be in either R8-9/C4/Q1 


_ or R6/R7/LED1/Q3. Decide which group by checking that the 


voltage on LED1 is between 1.4 and 1.8 volts, and if not, then 
that area is guilty. 


3) ‘‘Dithering”’ lights can be caused by many things, but two 
are more likely. Either the charge pump supply is not cop- 
ing, or the mains contains a lot of noise and interference. 
Perhaps the best way to test the mains is simply to try the 
unit somewhere else. Long wires may aggravate the problem, 
in which case it will probably vanish when you move to the 
test bench. If the unit persists in the fault, check that the sup- 
ply of the control circuitry is 12 +1 V. Test or increase the 
value of C1 and C2 to see if the supply is being overloaded. 
The electronics are set to draw a known current, with which 
the supply should be able to cope provided that the mains 


supply is adequate. & 
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<night Rider light chaser . 


(he popularity of the TV “‘cops-and-robbers” show ‘Knight 
Xider’ featuring the high-tech car, Kitt, has brought numer- 
us ingenious schemes to light for imitating Kitt’s front end 
ight chaser — which ‘sweeps’ a group of lights back and forth 
icross a display. | 

This circuit is built around the common and popular 
.M3914 linear LED bargraph display chip. It drives a series 
yf 10 LEDs mounted in line. The 3914 has a low frequency 
riangle wave applied to its input, which causes one LED of 
he display to be lit at a time, ‘sweeping’ the light back and 
orth on the display. However, to effectively get LEDs either 
‘ide of the ‘main’ one lit, the 3914’s reference voltage is also 
lriven with a low amplitude, high frequency triangle wave. 
“his effectively ‘lights’ three LEDs at a time, due to the per- 


3M3 





Benchbook is a column for circuit designs and ideas, workshop hints and 
tips from technical sources of the staff or you — the reader. If you’ve found 
a certain circuit useful or devised an interesting circuit, most likely other 
readers would be interested in knowing about it. If you've got a new 
technique for cutting elliptical holes in zippy boxes or a different use for 
used solder, undoubtedly there’s someone — or some hundreds — out there 
who could benefit from you knowledge. i 

We'll pay from $10 to $100 for each item published. Send your gems to 
‘Benchbook’, Australian Electronics Monthly, PO Box 289, Wahroonga 
NSW 2076. Please include your postal address for publication with your 
item(s). 

As far as reasonably possible, material published in Benchbook has been . 
checked for accuracy and feasibility etc, but has not necessarily been built 
and tested in our laboratory. We cannot provide constructional details or 
conduct correspondence or technical enquiries. 
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10 x LEDS 


sistence of vision. Thus, the circuit imitates the Knight Rider 
light chaser. | 
The two triangle waves are generated by op-amp pairs from 
a TLO84 quad op-amp package. 
G. Foster, 
Avondale, Vic. 


Over-volts protection 
for regulator ICs 


This simple ‘‘crowbar” circuit will protect three-terminal 
regulator ICs from inadvertent application of too much in- 
put voltage. When the input voltage rises, the current through 
the “ref.” terminal increases. This raises the voltage drop 
across the 10R resistor which will trigger the SCR when the 
input exceeds a threshold of, say, 5 V, below the IC’s maxi- 
mum input voltage (usually 40 V). When the SCR triggers it 
will short the supply, blowing the fuse and removing the ex- 
cessive input from the regulator IC. Use a sensitive SCR and 
mount the components in close proximity. Some experimen- 
tation may be necessary with the value of the resistor in ser- 
ies with the regulator IC’s ref. leg. 

W. Watson, 
Kensington, NSW. 
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AEM PRINTED CIRCUIT SERVICE 


Our printed circuit boards are all manufactured on quality fibreglass substrate and 
feature rolled-tin over copper tracks and silk-screened component overlays. 





AEM3500 LISTENING POST 
Our most popular project, by far! It 
decodes the audio from a SW receiver 
and, with software, allows your 
computer (Apple |I/BBC/C64/Microbee) 
to decode RTTY, FAX and Morse. 
(July ’85) 

$12.20 


AEM1500 METRONOME 

A simple, low-cost project with variable 
beat from ‘presto’ to ‘largo’. Operates 
from 9 V battery. (Aug. ’85) 


$4.70 


AEM6500 MOSFET AMP MODULE 

A ‘universal’ amp module using the 
Hitachi MOSFETs and able to deliver 
60 W with one pair or 120 W with two, 
into 8 ohms. (July ’85) 


$9.70 


9500 BEAT-TRIGGERED STROBE 
Just the thing for discos and parties! 
Project can act as a manually variable 
strobe or, coupled to an audio source, 
flash in time with the beat. (July ’85) 


$11.30 


2600 PEAK RF POWER METER 

This simple, low-cost project features a 
10-LED bar display and can be made 
for power ranges from 5 W peak to 
400 W peak. (April ’86) 


$10.50 


5501 NEG-ION GENERATOR 

Clear the air! Our negative ion 
generator provides around 8 kV output. 
Simple and low-cost. (Sept. ’85) 


$18.35. 


4500 MICROTRAINER 

Take the mystery out of micros. A great 
project for learning the ‘guts’ of 
microprocessing, without having to build 
a microcomputer. (Sept. ’85) 


$28.50 


6501 4-INPUT MIXER . 

A versatile mixer/preamp for a guitar 
amp or stage amp. Select resistors to 
select the input impedance of the 
channels (Sept. ’85) 


$20.40 


6010 ULTRA-FIDELITY PREAMP 

The ‘digital era’ preamp, featuring low- 
level cartridge input, CD input, two 
tuner inputs and one aux. input. There 
are four boards in the set — 6010LL 
(cartridge pre-preamp), 6010f, 6010r 
and 6010ma — the front, rear and main 
boards. (Oct-Nov-Dec. ’85). 


6010LL — $19.10 
6010f — $16.40 
6010r — $16.40 
6010ma — $23.10 
Set of four $74.90 


4502 REAL TIME CLOCK 


2500 AUDIO OSCILLATOR 

A simple sine/square signal generator 
for the bench. It covers to 100 kHz and 
has output amplitude ranges from 

30 mV to 3 V, fully variable. Separate 
sine and square outputs. (Dec. ’85) 


$9.65 


8500 VEHICLE COURTESY 

LIGHT EXTENDER 

Don’t get caught in the dark! This 
project ‘holds’ your vehicle’s courtesy 
light on for some 30 seconds after you 
leave or enter it. (Nov. ’85) 


$9.90 


4600 DUAL-SPEED MODEM 

A great little modem that provides 
300/300 baud full duplex and 1200/75 
half duplex operating modes at the flick 
of a switch. It features simple RS232 
interfacing. (Dec. ’85, 7910 data sheet, 
same issue) 


$33.70, or $15.00 (faulty tracks, 


no overlay) 





This project plugs into the Microbee’s 
parallel port and gives accurate 
date/time etc. Battery-backed. (Nov. ’85) 


$10.50 


5502 MICROWAVE OVEN 

LEAKAGE DETECTOR 

Anyone who owns a microwave oven 
needs one of these! Simple to build and 
low cost. (Dec. ’85) 


$9.15 


6503 ACTIVE CROSSOVER 

Here’s a high performance four channel 
(use as many as you need) active 
crossover that’s just right for that active 
speaker project! (Feb. '86) 


$34.40 


4504 LOW-COST SPEECH 
SYNTHESISER 

This simple to build project employs the 
GI speech chip SPO256-AL2 which 
allows you to put together ‘word parts’ 
to make electronic speech. It employs 
8-bit parallel interfacing. (Bee interface 
— Feb. ’86, with data sheet; C64 
interface — July ’86) 


$17.30 


5503 BED-WET-ECTOR 

This is a simple, safe battery-operated 
alarm that may be used to help 
overcome bed-wetting problems. 

(Mar. ’86) 


$9.20 


5504 ELECTROMYOGRAM 

This is a ‘muscle activity’ monitor, 
sensitive enough to detect muscle 
activity that cannot be detected by eye. 
Can be used for relaxation training, 
biofeedback, migraine relief etc. 

(Mar. ’86) 


$15.90 


4610 SUPERMODEM 

An intelligent modem with Hayes- 
compatible command set, for any 
computer with a serial port. It is capable 
of all V.21 and V.23 modes and features 
an expansion bus for later add-ons. 
Price includes necessary EPROM with 
resident software. (Apr-Aug. ’86) 


$139.00 


3502 SIGNAL-OPERATED 

CASSETTE CONTROLLER 

Just the thing for taping signals picked 
up on your SW receiver or scanner 
while you can’t attend. Simple to build, 
powers from 10-15 V. (Mar. ’86) 


$9.20 


4501 8-CHANNEL RELAY 

INTERFACE FOR COMPUTERS 

Get your comptuter to control 
something! Hooks up to 8-bit parallel 
port or data bus. (’Bee — Oct. ’85, C64 
— Sept. 86). 


$13.00 


9501 DUAL-RAIL SUPPLY 

A utility power supply module that can 
deliver dual rails from 2.6 V to 26 V at 
currents up to 560 mA — depending on 
choice of 5 VA pc-mount power tranny. 
(Aug. 86) 
$19.30 


6504 POWER AMP STATUS MON. 

This project prevents dc fault conditions 
or excessive clipping from exterminating 
amps and speakers alike. Handles 
amps up to 300 W and powers from the 
amp’s supply rails (Aug. ’86) 

$19.40 


| 6000 ULTRA-FIDELITY POWER AMP 


~~ 


A low-distortion amp module that. 
delivers over 200 W into 8 ohms, 
featuring the high power 2SK176/2SJ56 
Hitachi MOSFET output devices. (June- 
July ’86, data sheet in June). 


$31.20 






mi 
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ILTER 
This project, dubbed the “‘Hash 
Harrier’, is a truly effective mains filter 
that copes with both common mode and 
differential mode noise, including 
spikes. It is rated for loads totalling up 
to 5 A. (April 86) 
$26.00 © 


4505 CODE-TO-SPEECH SYNTH. 
Taking ASCII text input from a serial 
port, Centronics port or IBM slot, this 
versatile project will ‘speak’ text files. 
Double-sided, thru-hole plated board. 
(June-July ’86) 

$55.00 





6102 2-WAY CROSSOVER 
Crossover board for our popular 2-ways 
using the Vifa drivers. (Aug. ’85) 


$21.75 


ELEKTOR 
BOARDS 


86090 SERIAL DIGITISER 

The project can attach to any computer 
sporting an RS232 port and features 
one to eight multiplexed analogue input 
channels, conversion time less than half 
ms, variable ref. voltage to 4 V and > 
modular construction. The main board is 
86090-1, input boards (up to four) are 
86090-2. (Oct. ’86) 


$21.10 — 86090-1 
$6.40 — 86090-2 each 


86086 HEADPHONE AMP 

Featuring the TEA2025 stereo amp 
chip, this project has ample output for 
headphones from 30 to 600 ohms. Uses 
a 12 V supply. (Oct. ’86) 


$15.50 


86016 SATELLITE SPEAKERS 

This is the crossover board for a set of 
two-ways featuring the Dynaudio 17W75 
and D-28AF drivers. (Oct. ’86) 


$8.35 


86041 SPEAKER Z-METER 

This simple instrument measures the 
resistance and inductive reactance of 
woofers and ‘wide-range’ drivers with a 
range to 18 ohms resistive and 5 ohms 
reactive. (Oct. ’86) 


$17.60 


86002 BATTERY CHARGER 

This dc-operated battery charger is 
designed to charge 9, 12 or 15 volt 
NiCads from a 12 V car battery. 
(Oct. ’86) 


$15.75 


86462 RMS-TO-DC CONVERTER 

A great add-on for your multimeter. It 
features a response to 100 kHz above 
1 V input, 6 kHz at levels below 

100 mV. A x1 and x10 attenuator is 
included. Needs supply of 5-15 V. 
(Oct. ’86) 


$3.25 


86490 RODENT DETERRENT 

cs ultrasonic ‘screamer’ to annoy -tats, 
ice and maybe even cockroaches. 

Simple, cheap. (Oct. ’86) 


$4.65 


85000 RF BOARD 

A ‘universal’ RF board employed in the 
“‘RF Circuit Design’”’ series. It has an 
array of pads, a set of three supply rails 
and a large groundplane. (Oct. ’86) 


$8.00 


86453 HEART MONITOR 

This low-cost project senses heart beat 
by placing your finger on an optosensor, 
providing an audible ‘pip’ output. 

(Oct. ’86) 


$5.40 


Retailers, clubs, schools and associations — write 

or phone for wholesale quantity prices! 

All pricés include post and handling. Photostats of 

the pertinent articles cost $4.00 each post paid. 

Allow a minimum of 4 weeks delivery New Zealand, add $1.00 to these charges 
All cheques or money orders should be made payable to 

Australian Electronics Monthly 

Australian Electronics Monthly, PO Box 289, 

Wahroonga 2076 NSW (02) 487 2700. 


You can buy the boards at our offices if you wish, at any time during business hours. 
We're located at cnr Fox Valiey Rod and Kiogle St, Wahroonga NSW, the 


entrance is in Kiogle St. 
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1 WROTE To THe EDITOR 
CANCELLING MY SUBSCRIPTION. . + - 


Vv 





»- +  BECAUSK, OF THE DISGBTING, 
Aer LAUGH PAGE / 


Al 








Trs BEEN 3 MonTHS AND THEY STILL 
HAVENT vBUSHED MY LETTER. 


Digital time warps 


Dear Sir, 

I was going to write a longer techni- 
cal essay in response to Mr Harwood’s 
expose of “Digital Cancer” in the August 
‘86 issue, but I know there will be such 
a large reader response that it would be 
selfish of me to indulge in boring facts 
and figures. 

Instead, I would like to offer a practi- 
cal solution to one of the problems of CD 
reproduction mentioned by Mr Har- 
wood in his letter. He states quite cor- 
rectly that: ““Many CD players use only 


Cartoon by Deb Currie, 
with acknowledgement 
to Tanberg. 


one D-to-A converter. They just delay 
one audio channel compared to the 
other for stereo channel decoding”’. 

Well, this problem CAN be solved 
without expensive hardware modifi- 
cations! 

If you really MUST listen to compact 
discs, follow these instructions as I have, 
and avoid this most annoying effect. 

STEP 1. Locate the speaker (left of 
right) from which the sound emerges 
first. Label this speaker with a small 
sticker on which is written “L.I.T.” This 
stands for ‘“‘Leading In Time’”’. 


STEP 2. Label the opposite speaker 
which is lagging in time, e.g: UN-L.I.T. 


STEP 3. Move your listening chair 
laterally a few centimetres towards the 
speaker which is not aging) i.e: the 
UN-L.LT. one. 


Due to the different path lengths 
through the air, the sound from the LIT 
speaker will be delayed, whilst that from 
the UN-LIT speaker will be advanced 
(relatively speaking). Thus, normal time 
balance is restored! 

However, if you are a beginner in 
audio, you may not yet possess the 
refinement to identify which speaker is 
leading in time in the first place, so try 
moving left then right until the ‘“‘echo 
effect”? disappears. 

If you cannot get rid of any echo by 
means of this method, then it is likely 
your CD player is delaying and advanc- 
ing BOTH channels very quickly due to 
a modulation-dependent switching fault. 

This latter effect can be minimized by 
nodding your head back and forth in 
time to the music along a centreline be- 
tween both speakers. This alternately 
lengthens and shortens the acoustic path 
delay to BOTH speakers at once. 

I do this all the time, and find the 
results quite satisfactory. 

Trusting this may be of help to those 
plagued by inferior CD players exhibit- 
ing time domain effects. 

John Norris, 
Everton Hills, Qld. 


SC MEDICAL 
ELECTRONICS TECHNICIAN 


$27K neg. 


Required for a biomedical service 
company, involved in the service of 
electronic equipment used in 
hospitals. 


The successful applicant would 
have a strong background in 
electronics; an electronics and 
communications certificate or 
equivalent. 


The applicant must be keen to 
learn, have good communications 
skills and a current drivers licence. 


This is a challenging position and 
would suit a resourceful person 
who is able to work effectively with 
minimum supervision. 
Applications in writing, 
accompanied by a detailed resume, 
should be sent to SC MEDICAL, 
attention Mr Littlejohn. 


56 Shepherd St 
Marrickville. Ph: (02) 568 3111 


Principals only. 
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The Last Laugh 











Opening for research 
development... 


DURING the research that occupies 
most of my waking hours, and often a 
good deal of my sleeping hours, oppor- 
tunities for the formation of ‘Sunrise’ 
projects often present themselves. 

One such opening, and I use the word 
advisedly, recently came to light and, in 
an unaccustomed burst of patriotism, I 
present it to the many Electronic 
Researchers who are hungry for new 
projects. 

I refer to the development of a device 
that will alert the wearer to the fact that 
the zipper on the front of his trousers is 
not closed. With the development of 
men’s dress and the use of a zipper in 
place of multitudinous buttons, the final 
action, or closure, is often overlooked. 

My research indicates that 47% of 
males suffer from Closure Aberration (or 
C.A. as it is known in research circles) 
at some time during their life. It is ob- 
served quite frequently amongst single 
men who do not have a sharp-eyed, and 
probably apprehensive, spouse to give 
them final clearance before going to 
work in the morning or out in the 
evening. 

I am a fairly constant statistic and 
quite often think that the job is done 
when I have done up the top clip and 
tightened my belt. It is only when my 
friends stare pointedly at that region and 
make hissing noises between their teeth, 
that the realisation sweeps over me that 
all is not well. Or perhaps, in winter, a 


blast of icy air brings, you might say, the 
point home. 

So what we are looking for is a small 
device that will give a restricted audible 
or visual warning if the ‘closure’ is not 
made within a certain period of the top 
clip being done up. (Those of us who 
omit to close the top clip are beyond the 


scope of this project and have not been 


covered in my research.) 

Such a device would also give warn- 
ing of failure to close following the open- 
ing of the zip for necessary functions. 
The time interval between opening and 
the warning signal should be variable to 
allow for person-to-person differences. 
Too short a time interval would mean 
that the buzzer goes off before the oper- 
ation for which the zip was opened in 
the first place, has been completed. Too 





long an interval could mean that the buz- 
zer goes off or lights begin flashing in 
the train on the way home from work, 
thereby becoming counter-productive. 
There should also be a manual over-ride 
to allow for unforeseen circumstances, 
as there is on the interior door-operated 
light of your automobile. 


Research indicates that there is a wide 
market for this invention. Many famous 
and gifted persons suffer from C.A. 
(closure aberration, see above). The late 
Sir Winston Churchill was such a per- 
son and when his aberration and its pos- 
sible consequence were pointed out to 
him, was heard to remark that dead 
birds don’t fall out of the nest. 

It is only a small step further to a more 
comprehensive sensing device, perhaps 
one that could scan for bad breath, dan- 
druff, non-matching socks and so on. 
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Combined with a breath-analyser, a trul: 
formidable social scanner would bi 
available, perhaps placed in the bette 
type of public toilet and available for ; 
small charge. It could take the form o 
one of those frameworks that you are re 
quired to walk through at airports ir 
case you are carrying a bomb o 
something. 

But there I go, dealing with design de 
tails, whereas my talents really lie in thi 
field of sweeping, imaginative concepts 

The design of the C.A.D. (closure aber 
ration detector) I could probably take or 
myself were it not for the fact that I an 
at present busy developing an instru 
ment to gauge the gap, if any, betweer 
mental inclination and bodily ability ir 
a number of important categories. I an 
ticipate a steady demand for such an in 
strument amongst maturer male 
members of our society. 

In the meantime, I pass these ideas tc 
the waiting laboratories, anticipating ar 
almost immediate improvement in Aus. 
tralia’s balance of payment. 

For the raw research data, senc 
$500.00 (Hutt Province currency) and ¢ 
S.S.A.E. to the Sackville Academy o: 
Lateral Thinking (S.A.L.T. of the 
Hawkesbury), Ebenezer, N.S.W. 

D. F. Richards, Founding Professor anc 
sole Beneficiary 


Originally presented as a talk on Robyn 
Williams’ Science Show on the ABC, 18 June 
1983. Used with permission. 








~ TRIO-KENWOC 
Worldwide leaders for perfo ‘mance, quality 
and range. Now, new for 1986. 


GS 7.0.6 5 








60MHz Delayed sweep 

3 channel 6 trace Improved dynamic range 
. Automatic video synch. 

1mV/div. Vertical axis signal output. 

12kV acceleration Variable hold-off. 

5nS/div. sweep Single sweep mode. 





cS 716043 


40MHz Delayed sweep 

3 channel 6 trace Automatic video synch. 
Vertical axis output. 

1mV/div. Variable hold-off. 

12kV acceleration Single sweep mode. 

10nS/div. sweep Improved performance. 


¥ cit o£, 
LS BEN nes CRRA eh 


104 4 





40MHz Variable hold-off. 
2 channel 4 trace Crise ek, 

CHOP, ADD 
1mV/div. Vertical axis output. 
6kV acceleration Automatic video synch. 
20nS/div. sweep Compact & lightweight. 








And here's another twelve models to choose from: 


CO 1303D - 5MHz CS 1040 -40MHz CS 2110 -100MHz 
CS 1352 -15MHz CS 1060 - 60MdHz (Port) CS 2150 - 150MHz 
CS 1021 - 20MHz CS 1100 -100MHz MS 1650B - Memory 
CS 1025 - 20MHz CS 2075 -7OMHz MS 1660 - Memory 


For maximum performance and quality at the best price, call us for details or demonstrations 
of Kenwood oscilloscopes. We are located at: 








SYDNEY: MELBOURNE: 

Centrecourt 1064 Centre Road, Oakleigh South. PARAMETERS? 
25-27 Paul Street North, North Ryde. Private Bag No. 1, Oakleigh South 3167. _ 
P.O. Box 261 North Ryde NSW 2113. Phone (03) 575 0222. Telex AA33012 





Phone (02) 888 8777.Telex AA25021 ee 





The Farwagi Company PAR6211 





How to beat the high cost 
of cheap meters. 


You get what you pay for. 
So get the Fluke 70 Series. 

You'll get more meter for your mone) 
whether you choose the affordable 73, 
the feature-packed 75 or the deluxe 77. 

All of them will give you years of 
performance, long after cheaper meters 
have pegged their fishhook needles for 
the last time. 

That's because they're built to last, in 
side and out. So they're tough to break. Th 
don't blow fuses all the time. You don’t 
even have to replace batteries as often. 

And they're backed by a 3-year warran 
Not the usual 1-year. 

Of course, you may only care that the 
world-champion 70 Series combines digi 
and analog displays with more automati 
features, greater accuracy and easier ope 
300mV = tion than any other meters in their class 

You may not care that they have a low 
overall cost of ownership than all the othe 
“bargain” meters out there. 

But just in case, now you know. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 





FLUKE 73 FLUKE 75 FLUKE 77 
Analog/digital display Analog/digital display Analog/digital disp 


Volts, ohms, 10A, diode Volts, ohms, 10A, mA, Volts, ohms, 10A, m 


test diode test diode test 
Autorange Audible continuity Audible continuity 
0.7% basic dc accuracy  Autorange/range hold “Touch Hold” functi 
2000+ hour battery life 0.5% basic de accuracy Autorange/range he 
3-year warranty 2000+ hour battery life 0.3% basic de accu 
3-year warranty 2000+ hour batter 
3-year warran 





Multipurpose holsti 


E is ME Ss C O Talk to your local distributor about Fluke 
Z | e A.C.T. Actiec Pty Ltd (062) 80 6576 ¢ George Brown 80 4355 ¢ N.S.W. Ames Agency 699 4524 e George Brown 


(02) 519 5855 Newcastle 69 6399 e Bryan Catt Industries 526 2222 e D.G.E. Systems (049) 69 1625 e David Reid 

I 267 1385 e W.F. Dixon (049) 61 5628 @ Macelec (042) 29 1455 Ebson 707 2111 © Selectro Parts 708 3244 e Geoff Wood 

rstruments Pty. Ltd. 427 1676 © N. TERRITORY Thew & McCann (089) 84 4999 © QUEENSLAND L.E. Boughen 369 1277 e Colourview 
Wholesale 275 or © Fred Hoe * wi 277 4311 © Nortek (077) 79 8600 e St Lucia Electronics 52 7466 

: e Selectro Parts (Qid) 394 2422 e S. AUSTRALIA Protronics 212 3111 © Trio Electrix 212 6235 ¢ A.W.M. Wholesale 

N.S.W. 15 McDonald St, Mortlake. Tel: (02) 736 2888 © TASMANIA George Harvey (003) 31 6533, (002) 34 2233 © VICTORIA A.W.M. Electrical Wholesale ¢ Radio Parts 

VIC. 12 Maroondah Hwy, Ringwood. Tel: (03) 879 2322 —_ 399 7888 e G.B. Telespares 328 3371 © Browntronics 419 3986 © R.K.B. Agency 82 7704 e A.J. Ferguson 347 6688 

QLD. 192 Evans Rad, Salisbury. Tel: (07) 875 1444. e SIRS Sales (052) 78 1251 ¢ Mektronics 690 4593 e W. AUSTRALIA Atkins Carlisle 321 0101 © Dobbie Instruments 


S.A. 241 Churchill Rd, Prospect. Tel: (08) 344 9000 276 8888 @ Cairns Instrument Services 325 3144 @ Willis Trading 470 1118 
W.A. 46-48 Kings Pk Rd, West Perth. Tel: (09) 481 1500 


